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Abstract 
The Universal Muller Machine is a machine for apply an agricultural product. This 
machine is development from Neem Seed Muller Machine . It uses for apply an agricultural 
product concerning in family of nut to raise marketing value. This machine cans use with other 
seed crop and to appropriate in production rate. 
The operating of this research project is separate on the step of study the theory, to make 
a precis of the Neem Seed Muller Machine, design, study a material to use in project, create the 
machine, study experiment of the Universal Muller Machine in working and in the last Analysis 
and to make a precis of study. In the experiment step is want to study the rotational speed in 200 
- 1000 rpm . Study the characteristic of muller plate fonn in 3 fonn , a pair of smooth plate form, 
convex - concave plate from and concave - smooth plate fonn . Study the mullering 3 type of nut 
, soybean, mung bean and groungnut , its use for find the percentage weight loss in process, 
production rate and performance of this machine. 
Result of this research project is creating an Universal Muller Machine in purpose and 
limit of this project. The universal muller machine has an appropriate in material plate form is 
rock because rock has high wear resistance, has a long life, has an easy to forming with the 
machine, has none toxicity. An appropriate in rotational speed in 200 - 400 rpm , an appropriate 
characteristic of muller plate form is convex and concave plate form . Experiment step has a 
production rate at 56.07, 57.14 and 40.27 Kg. I hr. ,perfonnance percentage at 98.95,97.56 and 
98.99% , percentage weight loss in process at 2.33, 7.33 and 1% 
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l'~ 'lJl <ll1-J f111 'lhum l1<llf1 Cd m m I'\'11-J f1111:\{1 ~ H<I Hl1'fi ~n fI rum~ fI ru~ A''l ~u~ ~ II'\'~ 'fi 
~ " . 
YI 11111 ftf1Cd 11~O1:\{ l~lfl ~<l~~ ns ~n1'li'1 UI111f1~l '11l~llll1<lmlJ~'fii'lj1il'l1~ nfJrulll~ rruns fll 'li'tl'lJ 
d"',> ~ ,>~ O'_I~ llJ<I'fi~'l1I'fi'f1<1lV'l11-J'fi1l<l~mlm\Jf1 tnCd"11:\llJ11f11-JlluH<I'fil<l~ l'fi 
• 
1U 'lJ'11 il 'il~ f1 ~ '11~ ~ m llJ I~1-J lJl 11 <I''fi ~mllJ i:h 11tu'U<l ~ 1m ~ 1111 l'fi fl1l1 ~ 1:\ ~r1 'U <l~ 1111 
" " ~"YI 11 fIH f111 ri'11lJ ~ ~ 'U <l'lJ lWll1-J 1111 fif1 Cd III <I ~ 1:\{1~ IfI~ e ~ il n <I ~ hi <l11-J n U1 ~ ri ~ r1 I~<ll ~ U 
11Jl'f1lJlV'U <l~11111'11lU1-J ~11-J 11<1 ~ 111 ~ 1 V'l1t1'~ m fI-h \I~ 11'\'1''lJ ~~ \I~ Ylll H'1m ~ 11111'111U1-J f111 <I~l~ 
" 
1.1 1'l11lJltl'lllJllm~1'l11lHhA'1!'UO~hn~f1l ~ 
111 ~l '11 ffl \'IUl~1-J 111 ~l '11ff11~ ~ l1-J 1l.i~ 111 ~ l'11ff~ n<ll'f1111'f1l1 <l cr~ e e n u <I~ H<I Hil"'11l~f111 
lf1CJ"1~V~ 11'11-J11V'M'f1 iIn 'U <l~ 111 ~I \'Iff nVi'l1'f1<11 Vf1~lJ 'f1<1lV'l1U 'fi~ '11l~ i' ~ 11'\'111-J~'U 1cr~l<I'1lJ 1H'n 
111111<lf1\11-J m ~ *~Yll1H'lJH<lHil'fi ~11-J 11-J lJl f1 ~1-J rrunsflcr~<l<l f1ll'\' 'lJl~ i:hmi ~ !Hlf111-J111H<lHil'fi 
'11 N f1l1lf1CJ" 1~ V~ ll.iN 11-J 111111U11 U 11<1 ~ ~ N1U 1111 11U1111mi'1 ~~ fi'fill'JUlJ <I fi1'f1<1lV"I1mi'11-J 
'lJl\'l Vi'l1'fi1 ~f1<1 ~1i\ liK?'lJfI11lJU VlJ l1-J 111111<1 f1lJlm'liu n1-J ~11 ~ V1 ~lm 11!n1lCl ~ ~lil1:\ ~ lM'lJ 
v ~, , 
m llJ iJ VlJlJl f111-J Vi 'l1f1 ~lJ il lJ 'il~ ~ UCI f1l~ 1-J Vi 'l1'f1 iIf1 n <I ~ U CI f1l~ 1-J Vi 'l11<l'1lJ I{j<l ~ 'ill f1 mlJl1 fI,. . 
j,I ,j,I v l~l~ ll<lf1 MIn<l'lJ\'If1V11-J ~11-J1h ~l \'Iffl \'IV 1) ml~ v~lJI11111i' 'lJ1l1~Y11-J £1 H'1:\llJ11fill., f1ll'\''fiCi <l'fi'il~ 
QJ Q Q 'U
. 
1'J 11Cl~ 1H'HCI Hill'l.i <l 1-:1 1:\ ~~1-J m11~~ 1-1 Ill'fl'l~ oU'<llJCI 10 1'J ~<l1-J 11i1~ ~ ~lJ 1mllJU1lJlru f1 m1ill'l
,. • .
, 
• 
~ "" W .<:> <Li SI 'U<l~~'l1f11~f1C1m\'l~ 3 ']j1-J'fi'U1-J"U
• 
• • 
• •• 
2 
lJ1<J:j 1lJU1lJ11lJ m 11'-1 ~ 1'1 (l'i114 ;]\J) 
~'JIiJ~~'lf 2535 2536 2537 2538 2539 2540 2541 2542 2543 2544 
~ ~ 
I11l'lW1 0.304 0.261 0.231 0.256 0.234 0.215 0.2 0.226 0.249 0.233 
~ ~ 
I11bl1C1lN 0.436 0.48 0.513 0.528 0.386 0.359 0.338 0.321 0.319 0.324 
~ ~ 
l11<ll'l'.:I 0.157 0.137 0.136 0.150 0.147 0.147 0.126 0.135 0.138 0.135 
*l1mm11'l I'-I<ll'-l~ I'I'VJ f)'lI'U 1'1 e ~114 ~U'\JiJ.:I rI<l rI~ 1'I~.:IIU~iJ n 1l11lJ '!I1411.11f114 14 % 
~ 
run : WWW. Ordae.or.th., 2545. 
l~iJ.:I~lnVi'll1'l1~n<lt,i.:l 3 'lI'U1'I nflllJ~1'Yl1.:1iJ11111l'1'.:I 11'1~l\lYl1~ lu1~\J \JiJn~lmf\Jii.:l. , . 
<:t d.d.t ~ I "''lift bl"" '?1!V.J<:tlJl'I'11iJ11111iJ14 '1 'il11.:1m~I'IB.:Im1 1'lI14 flU IlJ l~t1'l11'1 '\JlJ14 uesmne uns IlJ14l'114 9f.:llJ 
. .
 , 
flllJri1'Yl1.:1tl111 U 1nl'iI~~.:1 tllJl{lillYI'I1 u<l~ l'I'lm1 cu11nfl 'Yl1'I1lvtu I{l iJff'1'I1~n 11fl1l'1'.:1 nl1lJ 1n'l~
, . 
1'111l.:l~ 1-211l'l'l'I.:I1MI-H14l'1'11tl11111~li'lfi'l!'\JiJ.:It11~~1 t1l'I1~B.:I Im~t,~l'I'.:I 
,. , 
"'" Q,J ""! '" "'" Q,I = 
m111fll-2 l'I'11tl11111'\JiJ.:I(l11'\J~1 f11I11'jiJ.:I ll<l~I11<ll'l'.:I 
~ suam lu1~\J fl1{llJ '1 ml'l 11'1 1'\JlJ\J •1m d iJ\J '1 
~ ~ 
(l11'\J~1 24 58 1.3 3.9 12.8 
~ d 
f11111<lB.:I 39 25 18 4.8 13.2 
~ ~ 
l11<ll'l' .:I 26 24 43 4.5 2.5 
<:V .::2 0' d 0' ': Q,J 
l1mml1'l: 1'I11<l'\JIIl'II'I.:I().:IIUiJ 11'li\JI'I'\JiJ.:Il'I'11iJ 111 1111'1~\J 11114 n 
~m : n'lfj~l ff'm1141115ml. lhH 2537. m!l 114. 
, . . 
.i'1~m1lJlll'I nl'i1.:1 '\JB.:I li11 iJ11111 ;].:11'1 111.:1 '11 1-2 Vi'll1'l1 ~ n<lib~.:I 3 'lI'U I'I~.:I() nuilrnl'lil 
I~ \J iJ1111 1 11 <l1 ~~ Uuu lJ II1'1 nl'i 1.:1 tl141'11lJ fl11lJ l'l1lJ 1~ l'I'lJ 'II iJ.:I l'I' 11 e 1'11 U ~ Vi 'lIlll'i<l~ 'lIUI'I n 
, iI.,... 
1'I~1'I111lJ'l1'11I'1~l'IiJBf1mli1\Jm ll14l'1l1l'1l1llJ'l1',).:I~ 14 '\JB.:I I'Illl'lllllJ'l1'V\J '1 t'!i\J 1111.:1 141lJ\J III 141'i'14 
3 
'InJ']\11 f.lil'1l11ll'l1' ~ 1n ms It 11 'l t 11 
~ 
'" 011'llV1 
11 11~ ~ ~ '" m'j-:J 1t11~1l1111'l~U 'l1'lfU " "It 'It I U!Jl111'lI<l'lJJntyYi'li lUl<lU 1t11~ 
d., d ~ 
01-:J!Jtl IUUflU 
Ul111f.1ilflJl:IJUVh IUVll1VJJ Jl:IJU<l.1fl 
~ 
'" 
d 
'"tll n 0 ,m 11!J TVll1111!J ~ 1n tl1'l 
. . . 
<ltlflU 1:UU OtlU 11 11 Yi11t~-:J t:l1m ~!J-:JomI1ln1l1~u!J nmau '1 '" , !Jtll'liU
• • • 
~ ~ '1'.1 d 'jJ 
UJJ011l111!J-:J Iml~V1 IUUflU 
1~!J -:J ~ 1tllhhu1I'l ~ tl!J1.J 'lI!J-:J 1'l1:UU Iflll1J 50% dI 0 l1J "" : ""' <:!i~-:JOtlU1 f.l11flUlJJUYi'li
• 
'" tl11~1.J1-:Jri1uom111111.Jnl1f11flvm -:JI'UVl'VIVlJ 
• 
~ '" mmmn 
~ ~ 
o 111<l-:J 
• 31 , y VI'lifl'l~tl11t:lTYi-:J 3 'liiJml!Ju~~lJ1t~Uf.lilflii'Ill'l1' ~-:Jm'l1-:J111-3 'I1u ~~lJtl'l~mUtll'l'lu
• 
~ I \ ,d lIJ'1' "'" "" o'd'1' .J lip.! v ""n :; 
mruU 'l t ul1 111 V'lIUfl!J'U ne U 'VI ~ ~ Ifl H11fll1lll 'VI 'VI\i1!J-:J msae tl1J19i-:J<lllJ n ou<lfl-:J !\i1\i11VllH'Uf.I-:J 
• 
rI-:Jr1!J111iJ 
4 
, . . 
M~ 0 ms fl ~ Im ~ IlHi un0 0 n~ fl ci1111'UWI'l 0 Wil iJ m 1mhll'I)!W1ru l'j:i 1~ ms llM~ 0 ms fl~ I'l'l1~ 
," ". 
It1~OflOlJfl now ~ ~'1h 111'1¢if.I~liIl1l\! onY1~0, nrnn fl~W I'liW 1Wnu l1'tlI'l111l!W ~ 1fltl11l11,tI'11li 
. 
'I11fl1:i llM~Ofl~t'l'll~ltI~O nnnnrinu ~~'I111,r 1l\1JIll~111l!W~ 
, 
nfll'll'l91w lli1mtll1ofl'lllwW ~1iIW1fl '111 
'U tI 'U 'U 
.iI"'I $I ~ Y ~ d $I 0 $I "" d'"d $I ~ 6. .JQJ QJ 
1M II'l W1WW W0 ~'J ,II'J~ III en1mW1 fl IUWIiIW II'J ~ '1'111 Mf.I'J IiIlll\!'11 'l'll'l 0, ms WfJ l\!111l'j W1 fl~,"\1 W 
.i,JWns~ inums llM~Ofl~I'l'l1~!t1110flll,iJfl11W lhll'l)! tI'lilt fl t 04 ~tl:i l{i1W 1111W 1~fl11W ll~l'llfl 
n~~ 11lW1:i fl 'J1'l11'J l1wms f.I~l'Ill'J~I~W f.I'J f.I~liIl,rW1fl~W 1¢i 
f11 :iffmnmmnnw ms II M~Ofl~!'I'll~1 t1110flY1iJfl'llWl MW l~llW ~ I~W~lfl ms ffmn 
Iflt04 ~m~ iJI1tlEll\!~"\Ill411i1 fl~lJ I f1li't~ ~4tlWl 'liw lfl~04iNl1 IIIt04ll1tl~Ofl51~ 114 ¢I1~{Jll djw, 
~ 4 ~ t1~ ~ " , 't1~ ~ ,,~ "'" ,.I~ ~ I'lW 1l'J~~lflf11:if1flEl1"\1lllJ'J"\I04 :il)!l)!lWl'jWliI'lN'lI']jW :il)!l)!lWl'jWli: l'jI'llWllmll4~mlll"f 1M 
""! "" "" "" "" d' "" d d d $I dl 0Wil n ll'l'lli 111 l'j il :i1)!'lJ 1Wl'j Wli: ms l'j I'lIW 11m 0,n~I 'I'll~ IW 'J I'lll ~ Ii'll IUW" W !W 0 'I'll m1111 il 
<:!l o::!:I d<::l d r "" "" d' <1J d m~ inu ms II M1llfl~1 'I'll~! t1'J Of1'l'lWmlWmW1~ llwmw!l1111 t1:iI)!I)!lWl'jWli: ms l'jI'llW l1mll4 
, , . 
fl~1 'l'l1~IW~liIll~ll'll iJ11111HM Wl~llW WltlY1 l'jl'llilo, ~ lflmsu1Wf111 U'J ~'iJw iii OUI Wms 'I1141U'!lj
. , Q' ~lfl~lJ ~llW ~ Ill:], 11flEll\!~"\I ll, 1li1lJ~lJiJ!l11 W1fll'il~~' flU1WI~ 0, "\Ill, m ~111l'j l'liU 11mil\! ~ 
"\I 04 nl110 n I~U~W ~lfllllm"J.r'flcil11l'I~UU W1WllWfll'liWfl11ffmllU 'J~ VlI'lIW11m, m:i 
1.2 1vllltl1~,nrl"\l1l41m4f11'l1;)tJ, 
1.2.1 !YlOOl)flUlJlJU'J~llf14111t04ll11'J~ lli!w~m'h 
.. 
1.2.2 lYillm ~t111lJlJ"\I04MUl~lUllll'J~III 
1.2.3 IYlOM1111"J~111W1'111MUmUllll'J~ Ill~mW1~llW 
1.2.4 IYI OfiflEllml1H~ 1:illlJ~mWl~llW 'lu ms llll'J~ III 
1.3 'Il11lJl"\lVl'll1l411'l'l4m1 
1.3.1 fiflfl1m1<l'l'lhm!mUll~iJmlwmWl~llW 
1.3.2 fiflEllfl11irl:U~I'lVl']j 4 ']jUI'l lio 51ml1ll4 5119l~1 51~1l4 Im~{il11t1ilofl 
• 
1.3.3 llllflllUUIMmW11fltl~um11H~1:illU1¢iYl411vi 200~, 1000 :iOU/\.l1Y1 
1.3.4 fiflfl1mllIil11m:if.l~r1'Ull4111 ~04ir01U fltl:i~<l4rl 
5 
.:::l 0..:::10. cv
1.4 1~I1H:JU11i1'il[J 
1.4.1	 UUUFlUl1lV (Research Design) 
Il'h.JFl11 ~mm) lJFlUUufff1,Ifl~ lJ, Ull~ '111 Fl111'1 'JlllJ, 111 tl1 dll'l1iill ~ 'U lJ, Ifl~ ,n 
• 
1.4.2	 'I1\mm.Jull~lllfml1lV
 
1) ~mJlfll\j 1l1.J'U~1'1W)lVill~'UlJ' 111'J~'il~U1lJ1lfull~tJ'J hi
,	 , 
2) ~mJllMl~'il~U1lJ1'111l11!1'ilT\.Ilf Ull~tJ'J 1l.i
 
3) ~fnJl11111l Fl1111V Flll1i1lJfHlll~l:IJll'J
 
d SJ d ... 
4) rlFlloJllJlJ FllltJtJ1l11, ImlJ, 1) m 
o "'" SJ <:':l .",5) ml'U'UFl11ll11~lm!),1)m 
6) '111 Fl111'1'JlllJ~111111 ~ill'l1i m~
 
7) 11~tJt11 
q 
,uo"l'U.um.JFl~jlJ'
 
8) 1l'J'I1mv~l'U~thci:IJ
 
.\ ~ ,.. '''~v1.5 u1~ 1[J'If'll'lli'l1V111'il~ IVl1U 
1.5.1	 "l.l'Ii'l~lJ,lfllll~ ll.illJll'J~']jlJ!'U FlU1 ~ II~f1111lJ11I1U1"l uHl'Ui'lh5!)'U"l~ 
1.5.2	 'lj flflll~,"l UlllJ11 l11'h"lUHU1~ lv']ju llll~ llf1~lJ1;;im11'l1 uu~'U fmll" 11111 m 1lJ 
11.Jflh5lJ'U "l~ 
1.5.3	 IFlfJ.,1 mll1lJUl1U1"ll1HI,ilJlll1nl1 NllNil"'1111 ,r1~:JJril'UlJ' NllNil.,"l~
• 
•'" unn z 
• 
.<::::t, o:::I,d.OQ./ 
IIm i'lYlII tl:mq11 <tl mn i'l ty 
~ , I	 , 
1'W lJl'IU ~~ f)~ 11~"l'I'lfJ~"hfi~1-U'I'I" 1un l'jl'll'l nuuu 11'1'lJ'W lbt'l~ 11'1Wfl~I'I"ffU '1~ l1itlJ~ 1'1 
<:!!. <I "" 31 <:>. a.d 0 d ,	 V 0 ~ <:!l 
'11 'lfm'W rnis ~11' 'I fl 'f'I1'11I'1U'I ~ Il'W 1fll'l1'l 'lfJ~ 'l'l ~ 1111 Willl f)1'j I'Ill f)UuuUl1~I'II'I"'l'll f)1'jftf)fJ 1flll 
~l 'lfJ~ ~lrl~1.lfll"r1lJ'i ~lJlJ'IIll"f)l'jff 'j ~ uuf1l'jIiI'llWf1llJ~I'IUl1~ mslJl'll1i ~"t~'Wlh'Wils~ f)lJ1J~ 
o <II d c:I i' d.:!l. ~I " ~ j.I 1j.I j.I j.I	 d11'1 fl \1J'II II'Itfl'j "" 11'U11 ~ IlJllJ '11'1 '11 'lfll I'W f)U'j ~ 11'" fl 'i11J1H I'Ill" 'JIfl11lJ'i m '11'11 'W m'j IIIInunu l'l1ll
"	 . 
'lh ~ 1 'W m 'j llll nuuu1fl'j" 11'11" 'IIll" lfl ~I'I" 
11'lIlU'j~11'" A'llII" 1fl'j "f)l'j 1~~ 
2.1 fll'llfi'UJ (Keywords) 'U1'I'Ilm'lf1l'l1;)1J 
2.1.1 IlJ~l'I~119J~1 t11J1~Ii" Nm~l1WlJl'I'I.I''W~1t9J~1ihlf)fJ \U~ri 1'1 'W.lf1" f)l1lJ fJ[JI1l~ 1'W Nf)
• 
=.<:> d,J j.I.:!l. j.I d ,Jn'll'W1I'IU'j~lJl\U 3 - 4 lJ'I'ItlJl'1'jllJ'II'I'f'I'W'I '1 U'j~f)lllJI'I1mUm)f)'llJllJ'II'IU'I~1'W1'I1'W (f)'lfJ~l, 
2537: 43) 
2. 12 llJ~I'l~'It1~tn t11J1~~" Nl1Nl1I'l'llI'l'lI'i''Wli1mlll'l"nl1f)fJ\U~ril'l'W.lfl"f)'1lJ~I'I~ 
11l~1'Wi1f) 1'W 1 i1f)nU'j~lJl\U 4 - 5 tlJ~1'I n'll'W1I'IU'j~lJl\U 5 - 6iJl1l1llJl'l'i tlJ~I'I'f'I~" '1 
.
"	 • ,,~ ." ~ U'j~f)l'IlJI'I1mUl1l'1f)'llJllJ'II'IUl1~l'Wl'I 
.1
'W (f)'lfJ~l, 2537: 80) 
21.3 IlJ~I'I~'l111''1 t11J1~~" Nl1Nl1I'l'llI'l"I'i''W~,l1l1'"nl1f)fJ\lJ~ril'l'W..a'l"f)'1lJ~1'I~I1l~l'Wrlf) 
1'W 1 i1f)"hh~lJl\lJ 3 - 4llJ~1'I n'll'W1I'IU'j~lJl\U 8 - 10 iJl1l1llJl'l'j tlJ~I'It1~"u'j~f)l'IlJluI'i'1~ 
<:!!. 'l.i d J 1lUl1l'1f)'lUllJ'II'IUl1~I'W1'I 'W (f)'lfJ~l, 2537 : 135) 
•	 ,'lJ, 
2.\.4 tUlll'lf)J1lJllJ~l'Ilh9J ~1 t11J1~~" 111'W~ ti1'1 J1un1ll1 'W 'lII'I"lu ~l'Ili1t9J ~1 n Ef)fJ \lJ~ 
d <OS «t <:!:l "'I <:!!. 0 U'lI"Ul1~t1'Wl lJt111l~l1'fll'll'llV1 l'f'IM"l'Il'1'1 Ul1~l'Il (f)'lfJtll, 2537: 43) 
<:!!. 'l.i d d.. <:!!. ~,~ 1 Si ,1 d ~ o:!:l 
2.1.5 IUl1l'1f)'f'IlJllJ'I1'I111l'f'1'1I'1" t11J1VI1'1 11'1'W'l'lt1I'1t1lJl'W1l1'W'III'I"llJ'I1'I111l'f'1'1ll'l n
.	 . 
v 
Ef)fJ\lJ~l'f'Ii1V1U'I~lJl'l nffl'f'llllnritru'lu'l'll"1111'l1'l (f)'lfJ~l, 2537: 81) 
2.\.6 IUlll'I f)J1lJllJ ~ 1'1 ~1l1l1'" t11J1vli'l 111'W ~ti 1'IJ1in~II1 'W '111'1" IlJ ~ 1'1 ~1l111'" 
•ml1vYJ~lJlJl" '1 U~l'f'Ii1V1 lJi/thmmln (f)'lfJ~l, 2537: 135) 
~ d 1· ~ .; 1. 0 12.1.7	 f)1'j11' t11J1~I1" ms 'lfll'j"'lII'I\!~'W11'"l1lv'WVf)m.ll'lllllf1lN~t1l'f'l'WI1lV 'W 
.. ~ " .. d .. ~ "'1· 1 ~ 1· "", •02.1.8 Ifl'jll"11'm'Wf)u'j~l1'"flt11J1VI1" Ifl'jV"~f)'jl'l 'JIU'j" 'Wf)l'j'lll'l\!f)'l'll t1lU'IVf)'llJ 
o '" 1· ,,'" • "~'" v 1 ~tlJ'II'I'lIV"l'i'JIIII'lf)Vll f) U'1~ 'JIUVf1lul1ll f)'llJllJMl rnnu e 'W vv f)m f)f)'W 
2.1. 9 ms l1i t11J1 V~" mru 1'1111''1~I~Vl'lt~'Wm'j" 
• • 
•• • 
7 
"'" QJ q <=l ~ 2.2	 11'1l1\ltJ'IllfltJl"U01 
<v 9J dl <:'> r d C:l ,rod d 
111 11 ms fllHH'I1 Ulllll nu u u Ul\~ ll"l N 1m ll11111l\~ llJ IlJ lII'l Vi'lillm rnls ~ 1111l U 11'1 U 
1m 1ms ~ VI 1~Ot~ nnn \11 fl1 m 1 fl n 1,)IIms ~\'llUltll~ ll1 fl ~l 'V1l~ IlJ~ rill~ 1m 1rilllJ m1~ ftll ue ~ 
", <=!31	 ~ 9J d 9.1""'49/1 dQ/.1
\ill "I1\i111 '1 'VI 1'Ii 1U fll"l flfllll 'U ll:lJ l\ Ul\ ~ liJ Ulll fllll"l II N ll11flll 1'Ull1 \illl ms II II fl Uu u 1m ll1 ri ~ U
. 
111"1"1IW1 V'Ii'VI11"i"iIW	 ,2525. mil 7u TiJIJWlJU1Un'iVf1[Ulllw'if3WUi!:;lfI',yvn\lfl:jlJlJlli? flVlJ
.	 
,
. ~ 
Uilllh" , V1rlfll"lQl.JI'!iW. fl!]£1~l lllJl1U'D1fmJ, 2537. W'lf7i, 'l'VIll1I'1lUlVi1l.J'Ii. mlJ1'Jj1fln 
, . . 
tfl£l\il"i ,2544. n7:JUU,ZUllllJl1<l"nmnlJlnen, mlJl'Jj1fll"llfl£l\il"l. 1rill11ul,)ll'l11'KlJril1"1r\'H' 
I~ Uri,U 'Kif1 'U II 1fll"l 'Kl <U'll:lJl\ Ul\:; U'U1 'VI N ~ N '1 I~ ll~ \1 ~ 11llJ 1"1 (lllll nuu u ill~ V1'1 r\'\iI 11 ilu 
2.3 U'Il1FlA 
1U msII II nuuu l!l\:; II fN I11 ~ ll111Ul\~ 1.1IlJ ~ri VI'lilllUnils ~ 111rll~V 'l'11 fll"l IIW11{[II 1U 
I III nnnn \11 nnl ~ II fl ~lJllJ ~\iI 'U ll1llJ~ ri ~'1 ~ ll1 ~1m~ll1 U1I:;~,ii1l1 U!\'1Vl1 fll"l lJri1.1 1rill"l r\''l'11 
~ d " d 9 v _'''' V" w _,,,,
nnViI'llU 1\11 fllll"l ,Nfl~I'VI1~llJl\rill~lm '!i~' 'Ii\llU 'Kl.JU fl~I'VI1~llJ lIll fl 'fjlJ IlJ lIriUl\~1l \illlll nrunn fl
. 
l1'lJllJ ~ ri ilu I1'1ll 'lU llll fl \11 fl ilur\'1ll"l~ u u lIlJlill '~1 \11U'KlJU IN 11 rilJ1 \11 flll11 'D"i"i1J '~1 iii 1 \ill! 'lU
. ,
,
. 
, 
1m ~ ms i'1 \1 ~ VI 1fll"l ftfl £I1'1iUri '\Ill 1111'1 'il \1 ~ lJ1i.j!VI1'KU1\11 U II 1m ~ ft fllll 'K1III llJ I~ 1"1 II u 'il 
mlJ1~lllJ 1-wms llllJ~m;j'limill~'liu\iI llll nuu lJII lI~tl f u tl~ 1~lllJflVi 'ill1 'U ll1 IIl~ ll1 fl~l 'V1l~ IlJ ~ri 
, . 
l'l~ lrilf1II \1 ~ 'l'11111fl rnlfm~ I!~ 'U ll~'K U1\11 U llVl 1'1 r\'ll ~ri1fllJ1~ ~ ~ U II II nuu u 1l1'1l1lJ1"i f:) tl f'lJ 
1l11lJl~1"1lllJ"Ir\'r\'11!lJlll\illl{"IW.yhlll ~'II\il Il1lJfjlJ 'V1l~ 'l YJ.yj1 U11:; lIrims~ ~ m ~ \11ll'U II ~ ~U 11 ~ II ll~ 
• "I~'K"i1~fl n II !\fl'l1~\1~llll nuuu111lJ tl"l~ ll'VITIl11 Vi!);~1l1l~ llllJl"lmJ1~ ~ f mn "lr\'~lll 
0<::\ «::l Q oJ 
2 .4 'Il1111.gmfl11 'l! 
~ ~" "'" 2.4.1 lIfl£l(\j~m Itl'\lll~llJlIriVi'li 
2.4 .1.1 ~11~ ll1,)rillQ1 U "i'lll'l"l~ Q11 ~1 I~U VI'Jj!] ~l~ lJl'Ull~ I'U \iI f llU lJll11lJ!);~ 30-60 
. ,
 1'~U iilllJ\iI"I lJYilJii~I'l"l ~UNfl~l~ lJ1UI~UUlJlJll1lJ Iff'1 UlI::lJ'Uu'il1lJ lJ\illlflllmiio~II ~"lllJ ilUI~ U
 
•fl~lJ 11l\~lJi'i1UriOflll1111UIiiNilu Nfll~UUlJlJ'VI11m~lJllfllJ11 4-10 l'!iuiilllJm m\1iJouu 
Cl II] I.o=!dll]gJ o=l d d 'QJ d ej,<i.I <!!. d d d .;:, 
'K"ill IlJlJfllri lJllJl\ri 8-12 IlJl\ril'lll~fl IlJl\rim\llJl\flllIW~fll\lJmlll1Ju~tlml\lJlJ'VItll\lll"YI~llO~ 
•<U'Wllll~llJ~ri lJ'UUlril~fl 20,000-25,000 U.J~ri/il1llflf'lJ iJfllJ!lJ~rilll:UV1 u~m\1lJihhl'lll\ 'K~ll 
IImiio~ 'VIll~~"I r\' fll"l ~ II fll~ UllU U!\ "Hll\ fill 1m~ lJ~ \1 ~'ll~um1'111~ U tl11:U II1ih~ lJm1flU rl'1 
.	 . 
1v "'1Q"V, wd' v ... V v"vIll'lm1flu'UmlJlfllJ1ll	 llllJ1"i() 'li1l11lJ'JjU UriU lrilU"I::\ilU'VIllllU'U1~l\fl'VIU\ilOIl11lJim~Ul\~lri 
~VilllllJm"l um1Unll1\llJll1miiul~ll1£Uufi45 1U 'l'11 Muril~lJ~ "lr\'1m::ll::£U rill'll~m1lJ~U
. . 
• •• 
8 
24.1.2 ~'ll1iiINI~Uil"ll(l'(]l~V' 'litJlJVlf11flritJU~l,~tJU ih;jnfllll~I~U~lJIiIHlJ 
'linnn ll'1.b~lJllll45 -420 l'lf~llJIiI1 tJ1Vnl1l~lJl~v11.b~lJllll75-150 lU lntJlJ'YlmjUTIIl~lJ 
... q q q 
IInwhilutJtlmHu"] ~ilil IIll~lJ ~'lllil nII'U U,tJVnlJ ru ~ I1lll.utJ ~ 1''1 lriVlJ 1~ V~ UIin~li mnnV'1 
• iI jJ , 
11'Ui,Il~ lllllil' 11n1J III ~ n 11 tJ tJ nlil V nVi ilU111mid, 11<11,)U <1U 1lJllV,1lJll1 ru, ~ U1lJI~ V1 Illl~ 1lJ 
'Hll''1 1~UlllJ u ffllJ Illl 11JtIVVVl Il lJ~U 'il,llll~'UUlliIl'll, '1 ilumhll'l 11'mf lri tJi;), 1~ V~ll nl~ lJ~ 
1lJdlJlU~ VUI~U ffll1 iiV, 111l~ 'i" rieu ~f1nll eu nl~ lJ~ vh~,~uIl ~U nfl 'llJ f{ 1V'UUAVU .ul'll~' 
• fflmlilvnm:l'Ul1'H~mj" lJnlUliltJ nffU'1 ,tJnvv nlJlllln.umm,111I'i'u f1n1ii nm,'H~V h'{,~tJ 
• v , 
~ 'JJ q q 1 oJ 1 <::$oj :v c .<':1..<':1. 0 1 "'-J ':'1 q c::l ~ I c:lllmWV lJlllill,'1 liI,tllilll'l'll,Il'H, 11'Il Ullillll 'H1mntJlJlill U'HU,p<nll~lJI1lIi1lJ1~lJllll 1-4llJll1i1 
lJIIn1Jlll~nmm~v neu~ l1'u{~UVlJUIinI~Unml'l tlUlJl nlJnlJllJ~liIffll1 iiv, lll'll1'U {~U'1 VllllJ 
ffl:U V1 tJ lJll1ii v~ l:U v1 1.l11i111l 'H ~ e ¢h lUiiV nu V, IlJii iii Vi iJlh1,Vl \l iJ~ iii ff1.l1 1iIl1l 'H~ tJ.ilUU VQ 
IInfllll~ 'UliIlJ UllJii iii tn Illfilillll n l1'uTI m nm~ mfilii s m IImVHl1iii !ItJlJ ~"] f{ lll'l"]:un Nlllii tJfllllD 111
" , 
c: .;".:'! ""C:.:':l QJ c::l .1 , 'JJ 
'UtJ'llJll1i1 n1ll1lltJ,U nlilllJu l1'liNlllJliI 1W, f111 NlllJln llJ Il ~l llJ IlllUnnu iiiV run U n11NlllJ'lllJ 
"" .J 11) 'J,iodl ')), d ''JJ 1')) .<':l d<:t ~lVllllnlil'UU lliltl,lllJdlllJ U111UUtJV 111l~ ~1 'Ii lfilill1'li'YllJllm;lll~NIiIIlUll n UIII rruv, I~ lJ (n'lflQl, 
2537: 44-61) 
24.13 ~ 1illl,~iiivQ1U il 'li1il1 ~ Qll ~1 "]:u1'lll11m!n ~'l tJUl'!,U ,,1tJ 1U 'UV"lJii iii 
Vh~,'1 'l1J ~IiI&W~'UJ ~lfl 'Yl~,Vl l~U il'li'l'(]I~V1~I'i'V~f11 JVl f11flfivu.u1, ~VU I~U "]l1'"]lJiJ 
llnUlJ11111uIiIH lJ~,nlUlJlnUvvll!l111l'1l1'ui fi'Vlll~llJlJliil''1 tllJ11111u mj,vtJnltJu 2 
uJ~lJ)'Yl1mli'l ~tJ 
n) Spanish-Valencia ~~lJ~111um,tJl~l~lJl~V1;U nr:JnI~un~lJtJQ~1flulIu n 
. . 
'U) Virginia Type lIuil']jIl~Il~m~lllV'Ii~VI'i,IiIJ' Vl~I~1Jlfiv1Ul'WiJr:Jn 
m~ III VVQlilllJ ~'ll 'U'W, llJ~liIlJJ ~V~ 11'n1'i1Ul'W iJ1euus1nil n1 111l~lJ11n11 'U'W 'W, lJl rnna iJu lJ~ 
11n~1111'1~"] 'W 11i1111l'W IIInm f11fl"]f{ ~~l1'luiJllJ~l'itJ~V"] U 1iii J11l'W 
1lJn 11n1J III ~ I~U V1'W1 'W 'Yl ~ flVlJU11.l iJ11Jtiv vlltJ, A iiiV nil ~,tJ ne V run III n lJlJ"]lJ
. , 
muvih~Ul~'W iiiV nl~V1'1i~Vn~lJUJ~ lJl\U 2-3 IiIvn ~IiIl~'W il'liNlllJI'11W, 'Ii ll' Illn f11J NlllJInllJ 
. , nl'WM~ (Peg) 1l~~IiII'111Vtlm1Ii1l~'111l~1l'Yl,1l,~'W ~'"]~~Il~IIl~'!J;J'Wl~ur:Jn "]lI~u 1U m1~r:Jn 
. . 
VlIllJ 2-3 llJiilil'li~VlJl nn-:h ;J'W tJtI tllJ11''W illll~ll ml1'UtJ'~Ullll~ tJl f11fl~U" n 1UV, III rlf1n1 Il ~ tv 
... • ... <J 
hi'~'Wl'vilJU ~'W ~,mJn IIml1~1 'HlJl~ lllJll~ 111'nl'W~ VIiIV nil m'Yl~llll,"] U"] f{1 iii vll~ 1i11rl llJ~ IiIlJ, 
ItV ~ lJ1Jl, '1 n 'Ii<11 VfflrivIIn ~'W V ~ tl1J'liU 1iI'U tJ, 11'U{ Itm1lJllJ ~1iI Il ~ 'Ii 'l iii tJ V n III n l:IJ ~ iii "]f{ ~ 1v 
'lill' III nrt,'1i~vl'1':IJ111'llrl llJ~ IiIn n lJ 11'rll'i1U lUl1Vll:IJfl11 ill11 ~lJlJ1, 11'Uiv1\l U1'W 'Ii<11 VVlViIii iJ, , 
, jJ " 
'Ii5tJ 'li111 VI ~ V'W In tJ U~ VV Vi, "] 11U ~ U lllii J ~v~l1'rll'11 Il~ 'Ii:IJ iii "]Uln tJ tl
.
mll f11 fl~ tJ 'W ~ ll,
. 
wh 77 
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•tl~fl1t'1i<1!'lf~lllltl~llllJll1l'11M 'lJU1'1'lJtl':HlJ~'1lJ.J·:nt'; 2,00 - 3,000 !lJ~'1/nhlfl~lJ il1~Mllil1'Yi~ 
!l1lJ1~lllJ !lJ~'1~tlglWNfltl1'illJ~1'1tlQl#lU1tJf)11311 (fl'lll{]l, 2537: 135-150) 
J SI A .::j, c:.: "" a' 
2.4.2 WW j!1'W ms tltl nuuu U<1~lln:j!m tl~ ll!lJ<1'1'Yi'llm'W rnl 1 ~ll ~fI 
, . 
ms IIIInUlJ infI~ ll~ li'm n<1 111'! 111J1~ lllJ';emsH'I1 'W ~ 11 ~ 1'1'lJll'l:J!'W 1:il'W 'il~ I'i'll'l lJfI11lJ 
. , 
lll~'I1lJ llllJ U iJ1i!i'l1'W 'l#I~ 1~'11lJW'W '1'W 1111nn11 II tlnuu lJ1I1 ~ neu #Il~ll~!l1l 1 ~ fltllJ-Il ft1r1l\J tlV 
~ u • 
"""" d a'.::l. ~ (1J1fJ'I'1 ltllJUll'W'1tl, 2543 : 21) fltl 
2.4.2.1 fI11lJll1lJ11iJl'Wflln'i1'11'W 
, , 
_~ d" , ~ .", .. '0'" "', ,; 9 '" !U1111J1~'I'1 !'I'1'I11 fill fll1lJll11J11iJ l'Wfll1'1'11'11'W!'ll'W Imtl'lfl<1'1li1tl'llJfI11lJll11J11iJ l'Wfll1fl1n 
1I1'11b 1<111~!I<1~flii'l!f)TI~1 !1I'W1'i''W 
2.4.2.2 fI11lJfI~'I'1'W';tlfll11 iiI~l'W fI11lJ1I(j!J1iI1l~~llfl 11'yh~ 1'W fI11lJfI~'I'1'W l:ul 'l!fll1 
1i!i~1'W "lI'i'tl11J~ 1'W ~U1'W ~l\'1 U~'il~l'i'll~lJ1 ~ ~~I1(11 fl11'~h:I1'W "lI'i'mlJ1~ lllJlil1lJl1U1~ c1flfJIlJ ~ flU 
, • '" j/ 'JI , 
1 i!i~ 1'W ~ ~ ~ l\'1 fi II fI11111':J!'W 1:il'W'IJ fl iI'W lJ lllIJfll11 i!i·:I1'W 1'1'11 fl 'W l1lJ '1 iI'W 1:il'W~ lifl 111tl~ 1 ~I'i' II~ 
, .,
 
llll nuuu Il1ll1:lJ11 iJiJll'1! 1ITI~'W l#lll~ m fl ilmh'W-Il tl1'il'l'1l1111fl'1V'W 1i111~ l'i'll~ lJfI11lJ1I<1ll'l1l~ 
'9' , 9' ~, .. ,.!'Wfll1 !'Ii'll'Wll'l l!<1~'Il'WliIll'l mmlJ1~MJf)lJl1U1'1'1fll1 !'Ii'l1'W 
2.4.2.3 1'1<1 ~ tl 'I'l1'11fl1 fJ j!fl1ll1i1 1 1 'Wms IIIInUlJu 1'1 11 iii III~!) 'I,)ns~ 1!1I'W 'il ~ I'i'!) 'I 
, , ,,'" 
111U 'I(1'11111 i!i~ 1~~ 1iilfll1llf1'1-1lfl1113dil'i''W'I'1 'W I'll 9i'I 'il~ ~'W!) VflU fll1!)!) nuuu l!<1~ ms 1'111 iii "]'W 
o • 
• 
fll1<lll nu U1J'iJ~1'i' !)'I111U'I (1'111c1fllflW 'l'i'~ 1'1'1 ~!) l 1IiJ 
'" , 'JI. 
n) !~llfl 1iillll flml1'11'W~1~ fill 'I'll111:;)'W 'I1'Wil1~ 1'Wlfl ~ !)'I')mUll~:J!'Wl'l'h~'il~'I'11l~ 
'lJ) l~ll fll iil11l NlIliIl!UU~ 1~'1 !~!)'I'111111'i''W 'IJ'W1'W ms Nil 1iI~ 1
. .,
fI) iI'W1:il'W~l'1'1 m1ll!)fll! lJlJ 111ihl1l1tJflU"W Ii11Mj-ll1i!il'W fl11llfl'l'iJ~"l1'i' <1'1<1'1 
~) 1I~1J11i1111~ll'lJ'W 1'1'lJ !)'Ilfl~ ll'l')ns fl<1 I'i'!) 'I!~ flfldl'1 ~iii ~ 'I'il~'I'1111111 11i!i~ 1~#1 1'W 
fl11'lJ'Wli~ U"~f1l1llijI'11 
v 
, 'd , 9 ", , ' , ,.. '0 ~ 0Q 
'il) fI11!)llflUlJlJ mlJfIl 1'll131~ !'Wfl11 !'Ii~l'Wl'li'W fIll'lim'Yi"'I fIllJl~'I1flfJ11i11 
2.4.3 msnnnu UlJ1m'Illfl'1'lJll'l!fI~ll~;)m ne 
}! .. d oj.. ., <.. 9' " ,"" Q .. oj ,1m 'Ill, 1'1 'lJ II'11m II'Il'f llJ" '1'Yi 'lill!\Jf)u 1 ~ II 'Ifl WIIn I 'Iim" nn<1 1 !1l'f'W lJ111IIm" nn(11 
ll!IiI'WlTI II (Stainless Steels) lJ1'1'11!1I'W1m 'Illf1'1 1~'H 131 n1m ~ llf1'1 'lJ!)'I!fI~ II'I,)m1:il'W 1my ~!)'I 
lllJf1'll flU IlJ~'1W'Ii~ I'i',)'IflU III11 ~ llflll!) n1'1~m 'I ~ 'I~11'i',,)'I!~!) fl1Ml
o 
~ 'l:Uln'1ll!) n'l'1i.l~ 1b1ll'1
0 
. '" "',li'1!l'llJ fillfllJm1lJ~'W1'WllJ ~'1W'lil!l'l Vm1T1llij~1i!iri'll 'Il:U'I'11111In'1VlfJllflllJ ~ '1W'liVflri'l~ ~'I HI 
d "I SI 01 d SI II) SI "" d d SI 0 ,;:ll
l<1llfll'lilllijm"flfl(11 !1ll'WlJ 111llm<1flflTI1ll1'1'W!"ll mlJ:lJ1mj!l'W AISI 304lJ1'1'l1!lJ'W 
1m 'Illf1'1 ~ 'IlJ fIWl'flJ1J~~m 1J1~ flU flU 1i!i'l'11ll1lfl1i.U'I'l1'1 !fllJ 11<1 ~ 1'1'1 ~1 fl1ll1i11fll1 lll1111 
o , 
10 
~ ~,
2.4.4 >::tJtJRhlf11ln
 
>::tJtJlIhirlll1''\Iil'llfl~il,lYilthi mh::l1'rl~~:: ~~(~ hlllhi rlll1'~~:: 1l1', lhl ilil fllJll hi>
• 
U'\I il,
 
, ,v V iI 
f11 >'if1JlfI tlil hill fl hll'1'U il, Ifl1 il, 11, iJ l'tj >ld llJ illR il {'lfUfIiJ iJml:lJ 'VI hi'Vllhi >1m~ n Illl:: 'hJ 
~ , ~ ~ '" 9 ~ <9 v ~'9~ ~ 
Ril' f11 >fln tJl~ '> nmmnhin f11 s IIIilfl ! 'lflJillRil > !m 11m::eu llll:: I'YWTI'WRil f11 > !'If,1hlR il, 
Vi~n\\!lmllJllil,fln11111~U>::f1l>(;11::,2543 : 2-8) iiil 
.... OJ C QJ "'" o'd 0 QJ .:!t "'" QJ
'Vi nfIrna ,llll::11>,tJR'U il, lJillRil> lJnnu l1l mYlJl flm >1:: f11> lllil fl'\lhll~ '\Iil,'Vi nfI 
. ., 
11, 2 '1l1l11m::l1lJllll'1 ~ ::'Ii'l~ll~lIl1Jm~ ~::l1ifl~hll hI>:: wi Nf11>H,lhl '111 I'Iihi nmnfllYIllfiH 
,lhllnhl l~hlllhi Vi n~rlll1 mll::m ,1i~'Uil,lJillRil{lJ fI'lllJl1'lJ'I;'hlli~'~fI> 
P Mill 
M (27rn / 60) 
(M x n) / 9550 
d 
Iii il P iiil Vinflrlll1,hHh'Ulililfl (kW) 
M 
~ " .N ne fI'lllJl>'l>iltJ (rev/min) 
"'''''' d OJ oJ ~ 0'"" rij \\!1l'i1 tJfI'\Iil, Imil, ~ m m~ hi (Driven Machines) '1mlJhI111 IIfI'U1NlJ illfl il >lJil ~ 
." oJ 'J.I 'JJ "j'JJ dQJ 
lJlfllJl~I1111~'lfhl~ ']j,l1llJl>IllI'VIhlfl'lVll1h1!m 4IltJtJfI,ill'Vi'VI 2-1 
Iii ,lI 
- IlIiw h'{,~ 1 1I1llfilltJtJiJlJfilll>,1ifldiiltJfl,~ (M = fI,~) ~,Uhlflll1'~::IlU>'1U 
"Rlilfl'lllJl>'l (PUn) 
'",.. I
 
• • 
• • 
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. - ------­
- Iff'UM~ 2 11'1<1f1nlJlJi'ln:HiJI'111'1"l'1blthNUI'11lJIl11lJl~1 (MUn) I'1~UWhl~'iJ~ 
- lff'u1fi'~ 3 11'1<1l'1nlJlJilm'liJI'111'1<1I'1NUIiI1lJIl11lJl~1fh5~lHn (MUn') I'1~UU 
fi 15'1'iJ~ uils NUIiI1lJIl11lJl ~1Vflfi15~l'f1lJ (PUn') II'i ~iJf1l\l ~ V'i~ l'I'll ~1~lJl~WIl ~1l'l'iJ~th~lJ1\lJ 
I'Vllf)lJ 35 - 40 % 'U!l~II'i~iJI'111'1<11'11'15~fll'il~lJl~WIl~Il~ 
. , 
fi15~'iJ~lJri11l~~ (P = MVl) 
lJllllilll {~~lll',h~ll 'l1'111'1<11'111l~ ll~~ns 'iJ::: l1'1lJ 1'i()~~;:\~1l11lJ I~ 1~;;Il~fll 'i '[$I 11'1 
us ~iJl'1 'U ll~lJlllliIll{ lJ1nrrhus '1u1'111'1<11'1 iii <I II1'111<1 11~lJl~WIl~1l ~ 1l11lJllIiIfl~ 1~ 'i:::1'I11~ll'i ~iJl'1 
M, 
r
 
.. ,~ 
mnn 2-2 ll'i'llJI'11l11lJl'i~ 
11) 1l11lJ ~ll~U'Ull ~ ms 1l11~ f)'UlJlllliIll{
 
lJ llllilll{~ H1u 1 'i ~~1'U II1iI11'11'lfl'j'ilJ
, 
.. .. ~ .~.. ., 0 ~1,'1l11lJll'fVl'I1V l'I'ill mlJ 11'11'11Vl'f1mliJl'I<I1VU'i~fll'i 'iJ1flfl1'il1'1'i1'iJ uu'i~I'Ylfll'f1'l'i1'lill1\lJ1'iJfl'i 
VllJl1U'i~lJ1\lJ 30 % 'Ull'l1l11lJllYVl'I1V'iJ~lnl'1'iJ1flfll'iH~lUln'U 11'1<11'1 (Overlcde) 1l<l~U'i~lJ1\lJ 
• 
14 % lnl'1'iJ 1fl fll'ilnl'1lvJl1' '[.Jll'ilJ (Single Phasing) 11'1 Vl1'lll'lliJ'Ull ~1l11lJllYVl'I1V'il~ l'IlJ 1'1 u l1'1'1~ 1'U 
d 
lllVl'Yl 2·3 
• • 
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qru"'Jll'nilli'OtJ 
~;!'lul1,j i~~ilIiJ~\l'hJ'l.nU 
(9~ {5:1t) 
m~lJl'\.l ~'U , .. , 
(19%) 
n-"vh(l1ulTlfilPm 
(14::;) 
• iJ , V )I 
11 11W!Yom o~lilfl fllJlJtIlrlB5'U'W llWll~ fH~ 0" i.l'tl1Yl1r11lJoU'W r1B'W ~ll 'lutJ 
fl15llll nlllJlJ~\ln~ll" ~ II nmllllnl 'll'lJ tIlrill {~lJ '\I 'W lfl 111,j~ 'lfUrI~ m lJl~ l1'lJ fllJ 
fl15l'11'''1'W 
, , '>I , 
H'lu m Ill'iJll" fl'W ~~ 'l ilm wiJ ll" fl'W ~~ \J~ i'\'ll" TI 1" 1'W 1'1'" tJ ~ II i1JI'1'fl 1-:1 \J niJII 
lJtIlrlll{v" i:J IIQ1 'WV'Wm 10 lrilllJtIlrlll{ll Ql 'W v'W rI 51 0\J~ ~ll" 1'1'r1 1-:1 \J5 r1ll'W ~ u tIlrill {\J~ Iftomv 
111,j~ 1'W m til~lnflll 11lJIftVrm~M~fH~0" tl:Ji.1 \J~~ll" 1'1'fl 1-:1 \J51'111~1~lj'fll~ll1,jflll 11w!Yom o~ 
2.4.4.2 llUn5WIl'lJlllJll'1lJ1~' l~ll"\J1nlIlHfl15..;'I'll'Wl llllnlllJlJll1,j~l1'fl", ,
., , 
~Il ~ ll" ftll1,j~ 1:JIlJ~ flVi 'lflll 'W n U5~ 11'"!l11'W 'li'\'filM 'W rI'lfUfl '\Ill" IlJ~ flVi 'lf~\J ~ 111lJlYl lfl15 ffmmn 
, . . u5~if1'l~fll1'l'\lll,,11l1 ll,,11'W lJfldllJllri n~l"'\Ill"llJ~r1..;''Wrrvh~" lll\J \J~ l'i" f11,j~ llll 11lJI~, 1'W ms ff 
~llrl n~l" fl'W ~ ".l' B"lJllun 5Ill'fldlJlllJll 11lJ1h~ll~\J~Ylll,rfl15ffn1J 1U5~if1'l ~ n WI!nrl f11,j~ ~l1'fl, , . 
'lumWlldlJ IJ lJfldllJl~ 1~liilln111lJl Hflll V'Wldll{lr1ll{ 
n) 11l1nnnYll,,1'W 
Iml'i,,~loi'VJ~lm~lll1'l1'ftlJ1 1'VJ11' M1ll 3 1'VJ11' \J~\lf1l~0"m~1l11'1r101"\J5ifllllfl 
u5ll~l~ lJIl~ 'W I1<1'1Vflil 5 ~ ~ 1'1'11~lJU 5~ ~ III 5ll" 1'1'1l~ uU5~ ~ d\J~ Yl lMUl~ III 'WllMl'i"~l 0 'l'VJ rI5" 
• , , ':II 
115"~'W 11'" ~"\J~iI n11'11'l9i'1 rI 01" \J5lJ~fl~111'W tllft,,'\Illlll n llll n 'luIli 'W '\I1J1'W..;'l'lll~ tn 1111,j~1l'W 
, • )I I ~"fll1'l~ 2-4 5Ullii'W1J\J~~lVl,rlJtIlrlll{Il1,j~lflVlh (115"~'W / fld1lJ~) 'VJftn9i''\Ill''lJlllrlll{111'lt1
• 
.
 ,
'" "i "" dd 0 <V d~ d ... I'l~ 19 iJ d 0IldlJlllJfldllJI51'\1ll"lJtIlrlll5 fl ll'Wldll5 lrlB5'WmlJl~l'ilJ f1lJfl15'W 1 lJ!'If'' 1'W f1lJ1J lllrlll5m'WV1 'W1, 
13 
,. . 
... ~ 1SJIr]SJ<l.' 0' 0 .. 
uu IJm"ns~;; IIn 1 ~IJIJ'U IJtfll1ll uumin1(] 'b' t fI m 4 fI1ll fl1l1 'W 9i'U ll" f111'vn:1l'W 'Ull"lJllllillJ1 
fI11lJ~'UllJlJ f1'U ll"iJ'Wl1lJ{llillJ{ mlJ11 m'h 11¥l);~ f111fl11lJ~'UlJ" 1l'l1 ci~ ~l VhliA 1'li'W 'U reun 400 
Hz \I1mmci"~lv'yj 50 Hz l\'l'WA'W .fi'll~'UlJ"1~IJ1Jlfl~lJ'W~ci',f'WlJf111¥11¥f1m~lJAwI11~'I1~1iI 
, , . 
1~'W1fI~ ll~ MlllJlJUlJ'W1l1 liml" iY~l'fllJ11m':i "1l11~'I1,j 1"mlm~ 1M\iIllJl'1'll~f111 ('1h ~ ii'Vdj, 2543 
: 22) fl"llll1li 2-5 
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Q.i<=> <l.J ~<> " gJ d 
2.4.5 fJI\!<llJ11 ~ 'U 1l':I1"1'\jvnmnvmnmJl1.!!i 
2.4.5.1 YHl1l1~fI (Plastics) 
'V1111<1~ fIl~'W 1<1~ lY':IIf\ ~l~tI fI~lJ '1l11jj1l11 ~ 111 ~ ~ l1~1i 1I'll~'W 1l' rfu ~~ flll1J~Il~filii1, 
fl'W ~'llwv'il '1H'~llJI'11fl'Wl1~1l!I1J1J iH'~~uimmJ~~1l'flU 'V1111<1~ fI<l1m~1)1I1l'll1lfll~'W 2 
1.1> ~ In "VI 'PI1lJ 'V1'W 1i~ If\ ~ ~ ns ~ ~ 1fl 'W 'l ~ uo n in I~:U 1m, 11 f 1, 1111:&'1mil\! ~ III 'V11 ~ lrill ~ 1'lH' 
, ,. 
ql\! l1l:JiJIWlJ~'W fl 1l 1"VI1l{1lJ'V1111I1~ n (Thermoplastics) 1~'W 1TI~ 'V1111<1~flVilJ1m,<If1, 'lllltl'W 
, . '" , 'PI1~ 1~1J1'l~ I'l fl'W Vi ql\! l1l:Ji)H' ll, ~~ ~f111lJVI'll1~'Wtij 1lri1l~'1 '1,r~1Jf111lJf1l'W~'W I~ ll~'1 ~ ~ ~1l'W I'll
.
'" -'I "'-' ~"y 9 Y , _, ~ "Yd Y d",.1<l1m~I)'U'W~u I'l~ Wu11'lm II'l IlJllll1f\11lJ~Il'Wmfl~~l111lllJ11~111~~'WI'lH)lJU~~<l1'WfI'W II'l 
d '''1!V=:l =:l <::I =:l gJ <':l "'" "'9 " "" "",.1
IlJllU11ll ~ 1M W'W ~ QJ1 ~'WIl'U, ~~lJf11 llJ II'U, 1l11~f111lJlf\'WIM lJeursu ~,<l1m1 1)'Wl'V1111<1'P1fl'll'W 1'l'W 
lJ ll11111lJ H,l'W i ~1l1 ~ Ml1111~f\~, Yl11111~ flil "h'WlJ 1fl <11 lJ11 1)11~ 111~ '1'W 111 ~11~111~1J1,'IIUI'l Hi 
, . . 
mun I) ~ 1fIU U 11'l ~h i ~ I'll 'W ~ fl 'IIU 1'll1il nr'W fl 1l l"VIll {llJ loJi 'PI ~,'V1111 <I~ fl (Thermosetting 
Plastics, Thermosets) 'V1111<1~fIll~'~~lfll'l~lf1 Pre-Product ~v, hilJl'l~l'lfl'WI~'W'PI1~1~1lf\1J1J1'l 
':::'Q.id "",31 <::I I""g) =:lyd gJ "q!V.::t 
~l'lfl'W "VIllI\! l1nlJ MII,~~ lJ<lf11'V1l1 ~'W ~1f\111~m 11 fIfl111 IlJ51)flf111lJ> 5 'W"~ 111lJUI)"VI1 !l1IM'W~l 
q ... q '\I
. , 
VI'l M~'W 'l~ Il~ G1'l ~11Jf111lJ f au lJ1fltfl'W 'lU'V1111<1~ flil ~~ 111 ~1'11 1'PI ~Vi 'llllfl'PIl ~'W '\Ill, 1M mrie 'W 
Y -: 0 d! 1"' ~ " ''I Y .. " ''I Y i " " ' 'PIl~ml'l'W~~'W1m'U'WGU I'l~ IlJU11'lNl (Non-cutting) IlJ II'l l'lllllJU1~<l1'W IlJ I'PI 'W<lf11'V1II'U' IlJ 
, " Y "'.. " Y d ~ dIi Y111m~I)11~m~ l'WI1U11~111~ I'PI ~,'U'Wn 'II,1'W 1'PIl'V1~"'l~,1'PI~1 
" 
U1n ms ~mnfJI\!I1mJ~ ~1 'lU 'U1l'l'V1111<1~ fl'llU I'l ~ 1, '1 Ii,'V111 ~~ <l1lJ I~ ()\1~1~ 5 fl 
'V1 ml1~fll 'W fI~lJ ~TI'W h~, ~<l ml()j~~thfi I)!fl5 "VI'Wms lil~'PIili~ l);'I ~,U~~ flll1J~1~ 
n) ll~'ii'v'l11 (Acetals) lJljl\!<llJ1.J~mil~l"V1'W"VI1'W ~1Jll1'1~'IM~mflll~,IlH "VI'W 
, . 
<lmf\~ ill~fllI'W 'lll~~ 11 'lllltl'W Wfl Jil'Wm n \I flU1 'luH~ l~mh'W "VI1'll!"VI'W hl1~ Mrill ~ l~lill'll~ 
" 
fil<1'11 (Die casting) 1'li'W IvhN ll1A, \I'll \jflfli, I~'W~'W 
'U) vJ11ll11'hfl1{1Ill'W (Fluorocarbons) ~mll<llJ1.J~~~fl1l ~1IIlH~'1l1'tl'PI'l~~
" , 
YWl1lJm~ Il~ ~111l1 ,fI:i~ll"VI n HI~lJ1fl 1j!lJ I1lJ1.J~Wlfl1Jllfl1ltiNMit,fill lJf111lJl il~'PI"VIl'W~1 1l11~ ill 
~'PI~1~ 1i'l)flU1'luH~11l1.1~'1.J'II1~'W~'W 
" " 
f\) 1'V1 ilWlJ I'l (Polyamides) ~ II fI~'Jl1 it, 11 'lu 11lJ 'W I~ 'W 'V1111 !i~fI ~"VI 'W ~ 1lms 
lil~'PI~I1, ~1.1Il~'I~'IIHtl~i~~"VI'Wf111lJfm.l "VI'Wf111~f)~1'W U~lJ'1~'I'hlVJ1l, 1l1.1~' 1.1'11 Jil'W11.1 
" " 
• 
U1m!fIll11~~m'lil~f)"VI1'Wl);' 
,) 1 'V111 'l1li) I'l (Polyamides) 1~'W 'V1111<1~fl'llU'PIillM1111lJ l\~ 111 ~ "VI'Wm1lJf5'W 'l ~~ 
,.• iJ ,jI 
iV~lJl~'W'II'Wd'W 'lvJ.yhVi~ "VI 'W 'I'11'W "VI'WlI1' fffl fli uu 'l~~ U~lJ Hi~ l~'WJil'WVi ~ml1M '11fllJll1' Ift~'PI 
"VIl'WlJ1f1'1I'li'W HiI~'WIl1.1~' Iml'W~1J\f1M'I1f1lml'W\jfll);1.1 1~'W~'W 
• • • 
IS
 
Plastic Tensile Strength Specific Gravity Hardness (Rockwell) Resistance to heat 
Actal 9,000-11,000 1.42 M 80-94 185-220 
Fluorocarbons 15,000 2.1-2.3 R 85 930 
Polyamides 12,000 1.14 RI20 250-300 
Polyimides 10,000 1.24 M 70 345 
d "",,,,, d """ d' Q j.I<LJ 
'VIlJl : 11'lJ1'! liWlJl1l1l'lJ1-l 'I'fi:lli'll'lfl, 2542 'fl1-l1 95-158 
2.4.5.2 111-l 
, . . 
111-l (Rock) fiiJ iJ-U1-l'VI16ilWyhfiVl:U1-lliJ':]Vl1lJ'linlJ'lJ1~ 1J~~flOU~'VU~I'1':]UI'i 1 
'lJi1V1~1-l11J 111-l Ul':]'lJ-UVi iJl ~iJ U~ lri1-lIVl V.:] 1 'lJ-U VI UI'i ~iJ 1'iJ iJU~ ~W'lillJ iJQU'l.:] ul'i~~iJ 1J':1lJltllUiJV 
, ., 
inn l{]Ilm'UiJ':]l11-l (Rock Cycled) 'fllJlVO.:] flm1J~V1-lu1Ji1':]'UiJ':]l11-lfl~lJ1mli'll1':] 3 'lJ-UViVi 
1J~~fliJUI1'l1-l11J~iJfl Ian fiiJ l11-lBf1U (Igneous Rock) 'i'l1-lI'!~fliJ1-l (Sedimentary Rock) l11-lu1J~ 
,JI ,. , 
(Metamorphic Rock) flm 1J ~ VuU1J i1':] ihl1 h1''i'l1-l 'lJ-U VI 'flU.:] 11J ~ V1-l11J 11'l1-l!i fl'lJ-U VI'fl U.:] Ui1 ~ 
iJ1~~~I1J~V1-l11J11'l1-l'i'l1-l'lJ-UVll~lJl~!im1-l11V1-l11JI~iJV'l11'l1-l1~Ilm (wHwnr, 2538: 109) UilVl.:] 
. ~ 
VI':]f11l'l'V1 2-6 
11-l~dflci111i.:] l11-lBIlU (Igneous Rock) Ui1~ l11-lu1J~ (Metamorphic Rock) 
l~iJ':]~l fliJ<1'fllJ til ~ ~ m lJ1~ ~ ~~ flfllJll ~O,:] ~1 fl\J flll111J1 i'.:] 11-ll~ Vlf-1~l'!l1t1l oniJl'fl n l~iJ{h.:] 
1Ji1iJVlI1V 
n) l11-ltlllU (Igneous Rock) 
=""<:\""" cl",'tId"".::'1 =<o!<!j .::'1<:1 
'fl1-l iJf11-l1 fl VI ~ 1fl fl1 ~ tV1-lVi lU i1 lU 'U':] VI 1 I'! fl f-li1 fl 'U iJ.:] n u 'fl1-l VI'fl ~ e i1111 'lI':] lJ 
IltllilmJ~lVlv~,11J Ctil111'~U, 2538: 111), 
- I~VlU~IlU1J>~il11-l.l1111-lml (Interlocking) iJfl1llJl1~1-l~l 
- lih1111-l11':] rinu illJ11-llt'l11-l (Massive) Illl1mo mtl'!flUl':]f1f.:] 1Wl11lil1-l1:ul111-l 
• 
iJ<1' fllJtil ~ fll ~ IlVi nlJ.llUUmW0111-l 'U 0,:] 111-ll1f1U (Igneous Texture) lVi V~ ~ III 
• 
lliJVl1U rm IlVll1 V':]1'11'UiJ':]I~VlU~11-l1 UiJl11-l 
- iJIl~ UVJill'lil1J1{iJ.:] U1:\~ iJld lriu ~ III 11 U11-l 'i'l1-l 'lJ-UVi ~1-l fi0 II~ 1"11 1:\.1il1J1'VI 0 V.I 
1lJm1-l1mllJl'1 
• 
- umh1-l 'UO.:]IU 0'i'l1-l ~~iJlln'1TI »lJ')j1~1J1-l iJQ 
16 
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, " 'II 
.flll'ln 2-6 1~']ns'U eJ~ M'WYI ~ rrrs Ill~ v'Wllllbl~mlJ~ WllJ'lJ'W (~f\fl~ Ift'Wl~lJ) 
• 
-, .
v 
-,-,~ ~ ~ llbl~ f\l~ 11JblV'W1l1Jbl~'U1lJ'\I'W liIeJ'W (blnflml'W 1J~ ~)
• 
M'WV~ 11 ~ ~ UlJ 1f\ ~ in run Vl1bl1V'lIUIiIlIilV~ \l~~ eJ ~f1ll ~ ~ f\ eJ U 'Vl1~ 111 (Mineral 
Composition) IIbl~eJ~f1ll ~~f\eJU'Vl1~1~~ (Chemical Composition) lllilf\1ii 1~ fl'W eJeJ f\"lll lllii~u 1lJlI'll 
\l~I~'W M'WlleJ'W~"l'll1'1 (Andesite) llbl~ M'W"l~ leJ'hl'1 (Rhyolite) 
• • 
17 
- 11'Ullll'U~1'1i.1 (Andesite) lJl1m.Jru~ II'1V~11u 1~'U11'Ul)flU~lflI'lIl1f111'U'l514'1~ 
• I~ 'Ui'11D'U Yi'U rh Inn 1i ~ 1~ 'U11U V\lJ l11 m\ ~ 11) V1'1 1~ 11~ II'; 1'1 n~~ netil ~ 11'11~ 1 vh1..r~ ~ f111'; lJ 
'\IUl'1I~f1 lJlhh~ I~Vll'Yllllri l1~(l.ll I'1VlJll';~I~'Ull~fiU1~f1llD~,hf1,!! fill ll';ll~l1~llJlm'lll 
1l111.101U1f 1111~ II'; ih.u'lJ~l n~ll f'UID 11'U ~ 1~1llf191U 1111~ 1DIll 1 'Yl.1 1J1~lll1~ ~\J~ 1~ull';l ~ 1ll n
. ., 
9l'U1mlifl~l1ll VIu:Ull 11'U 11 ~ 1ilVI'Im1'1~'111'; l'fiU .JI'11~ 'Ut IIm ~ VlJ 1I1lllJ II'; 1l111.1O1U 1f1myfl ~ 
'" I '" 'JI , U1~ 1UIUlll1WIf ~i1t'1ilJ II:;; 111 Ul111'U ulJ l1'1 lJl~'U '1ll f11~ Vf111 ~ll 1 rJ~~ f1lllJU~ 1 ')j.1 1111~ '1V\~D 1U 
U1~ 1'Yl 111'Yl V ~111 ~ U 1'\l1111l\iU' llV 11'11'1 '] hi n~H 'II lH l!f1~1 U1~ I 'Yl11 (V f11 ~U f11f1 
l'I~lUllllf1lilv~mull) I'1Vlll~1~1'I1lJ'\IllD~111101'llm1'Ji 1'li'U ~11~')~1111'1011:;;11~ ~lJ'Yll~IlUU
" . 
iJI'I1m~UnlJ1ru n.u. 2-3 lUl'llI'l')~1111'11~'Ji1\PtW 11~'lJ~ 'Um UlVf1 1111~f11~\J1V1U'Vl1~ 
1'1 d'Ullllf11 U I'll1'1 ')~111I'lU 11\) U 11~ 1d ll~1I1f1lJm1lJ'Yl U mu~ IIf11111'15ml1l'1 1 (\01 ~r'llV 1i~ HI'U
. . . 
f1Wl'l111UU 'Yll~1111l1 vhl1uu1~~11 11~ll'l'11111f1 (101~lI'J1U, 2538: 113) 
- 11'U111ll111.1(Rhyolite) lJl1f1f1ru:;; Il'1v~ 1'1U 1~Ul1'Ul)fI u 'Ji\J1'111 UlJI'II11 rJ 1[;1'1 
, " 
III f111U 11111~U lJ1~fh 111f1l111 ~ l~ U ~111U fh1<1 n 11U 1i ~ lJ11nfI ru ~ lUll 11 ~ IUV 1'I1J1 f11'1V'111 '] 1 U 
~ ~ 1 lIJ <I'd ' d <:!l d <OS d d.:!:l, ~ "" ~I d , a' "'111'U 11 II 111l'1lJ01ll1~ 1'Ji'U '1111 'JilJXj'liI'l'] 'f11llffl'Yll 1J1~'Ylf1lJl'Ullllf11lJf1\J~lulJllJI'I1l1mll11'1'1i 01']
. . fl~ 1'UIUlll1UlJll'; 1'rJ11.1O1U 1fIl11~II';mllfl'l 'li1~'U ll~fi U1~ f1ll11l1l1f111l1~ ~ V\~ D1U U1 ~I 'Yl111 'Yl V fl'U 
l~ci U11f1IJI~UD~l1ru'] ~1 1 UI'l1lJmfl~1~'] Vf1l~umfll'ldu llllf1lilv~mUll lJl1f1f1ru~I~UI'lll 
111(\jU'llV~1li"llldll~f1'U ~D~')~111'1011~1J~ 11~1J~ 1~'Ji1\!1tW HI~Ul1Uril101f1~ 'I'1111UU 'Yll~ 
1111'rJ 'I'11111f1 U1~I'1D01llJll11:;;lJ1m1 (I01HI'lJU, 2538 : 116-117) 
'II) 11'UllU1 (Metamorphic Rock) 1~'U11'U~lfI'1111f11111111U101m~1J1\J1f111U11'1'] 
~ 1,'( ll~fiu 1~ f1llD1Y1fii:U~ 'I'111..rlfl'1MII ll\1J l1l1lJ m1lJ 1'1U 1111 ~ O111U1 ~ f1llD'Yl1~llllJ'II ll~ II'; 111 11
. . " 
'JI ., • 
IIU1 01m'l'iu 1 l.i 1 'lil fll'I \J 1 nn11 ~VI ~ II~f1D 11 111ll lJ O1n V'UlJ11~lllJ ~ 1'1 f1U 1..rll'll 'U II" II:;; lJ nn 
IU~VUllUl1",i1U U1~f1llD'\Ill~Il'; 111lJlU~VUllUl1~ 1m ~01f1'111f1f1ru~'IIll~l1UI~lJ ~'1I~U f111Ui'D 
01 ml~'IIll~Il'; ll~ 11:;;'Ji1'11'1 l..rll~1 'UO1ml~fflJ'Jl1 Irlll emuf111 tWl 111:;; ii~llll'1l't'lllJ ['liu llru l1lJ lJ 1111~ 
. " m1lJ~lJlu~vu1u Il'1vlJl1f1f1ru~Yll1u~~u (lff~lI'l1U, 2538: 118-119) 
- 1l';1'Uil'Ull U11J1~'Ji1'1'1 lJf111')"I~ V'I1'1111DD lJYlI1'Yl W ~ uu'UlVl1'11'U1U 11f1f1 ru~ 
1~'Ull~U 1r'I~ ~ll (Foliated) l1~ mi'1mn1lilJ fl11,)I'II~ V~1'11~ III IIlJn11 ,)DU 1 ~ 111 'UII'll'Ulll't'lV f1Dl1U 
f111lJ 
• 
- IUlJl1U lJ f111ui'Dll 1111:;; 1..rlllJ'J11f1Dm1lJ~U 
• 
llDDI UlJl1'U'IIll~l1'Ull U1 (Metamorphic Texture) 
18 
lJH~I.itJ~'i'l1Il\l'i'l1~ltJMtJlllh Ail m{ltJ'l I'm h/ll1l'1 'l1l1n l'lIil{I'i'ltJ~tJ 
11u uils ~ 'i'I11 lJ 1fllJ lJ1 fllJ1 V11111 V '1111 'l1 'l u ~ ~ ~ lJ e ~ Ii'lh ~ fl e 11 'Ill ~ H~ (Mineral 
Composition) 1111~il~li'11nflil1lm~lfllJ (Chemical Composition) H'lfl~HntJililfli11 H.i~ 
1.l1lJ1H~~I~tJ11tJimY (Gneiss) 
. . 
- 111.J 'ltJ ft (Gneiss) MtJ i u ftl ~ u MtJll111 ~ 111~fl il 11 ~1 V'J!1.J 'llJm (1'<111 n1l fj~ fl 
Ivl11.l(1'111 {l~ u i1.J 'l 11 ~ ill ~ tJ mnJ'l ~ 11 n fl e 111 u MtJ 11 l'11 I~ V~ 1>11 '\Iu 11.J n tJ 'l11 d'l tJ IIu n ~ u j 1 
• m1~11111(1' m'i'l 'U il~ MtJ 'lu ft1JtJlil'l~lflfl11lJ f au 1111~fl11lJfl'l.JtJ (1'
• 
~ H11 ~ iJ~ fj(1'lJ~,V (1'U11~ l11V 
. . m111filtJ~H 'Vl1fl~tJ lJ1¢11V MtJ 'ltJftiJ1\1~~lJfhil'll~lJ l~tJ M1.J Vfl\.l11 ~ilM tJ 'l ~fl nui1 i¢I M1.J i tJ ft 
~til'l~lfl111.JVfl i.J"htJ111tYlil'l ~lflMtJVfli.J'i'l1fllifil11Vl11~ lJH~ Ivl11.l(1'111 {I ~1.J ri11.J'LJ 1~ nnu I'li1.J 
~lflMtJ llmil'l (~~1Jfll'lflm1tJ1~fl1.JiJ~l~Vfll11~tJ Hmil'l 'l1.J ft M1.JlI nu1111 ri11.JM1.J i 1.J ft'i'l1fl 
~ Iil 'l ~1 fll1 tJ iii ~ fl t11.J 1'l51.J l11.J m 1'llJ1.J 11 ~ ilM1.J m 1V'lfil 'l il 1nfl (1' M1.J i 1.J If'i'l11 lJ1 fll1.J 111n III 
mfll11i'1il H11~mfllil~l1.Jililfl i.l'ltfl ~~111'lH.J!im(1'il1.JI~V~'11.J 'lf1111~ 111~ lv'lfU H'vllfl1fl '111
• 
l1tJ111~.J1I (1(1'~lI'JlU, 2538 : 120) 
~ "" iI od'il 
2.4.6 'Vl 'l'IJ ~J1 ~ 11 11 fl'llWfl 'l1 V1~ 11 11 111111 V~ 'l1V11lJ 
QJ 0 "I 'iI 
2.4.6.1 1111flm1'Vl1~11.JH11~m1''lf~11.J 
1~1.J flml1IllV~1(1''l~1ViJ1mf111~iJfil'l1i 1 iii V1(1''l11ilv~1H l1~lfl~il1.J~ 'l'LJ11m m1 il 
. . . 
n1lfll'J5'i'11111.J ~<JI ~, 1.J ~ i.J \I~l~ Vfll111lJ 1 ~1I1Iih11l V~ ~1 V11lJ1 i'~ 11llV~ 1(1''l111lJ1 III1J1111~ 1.J 11 <lfl
•
. . . 
l'l5tJ IlJ~'lit\)yh H11 ~ 1.l1'l1111~1.J¢l1.J il111 ~ hi1~lJm11 i'm1 ~ 11llV~l(1''l'li1.J~lJ<lm!!lI~ 1111 1'li1.J 
1 dt':::l """"I' ='151 odi.' HHtJm~m'IJ'J5~1 u1.J~'l11lJ lV'l 'llililmV ru11tJ1V~11.J nru 1i11.J 1 ~111I 111111 V, 'l ')Vl1lJ(1'llJ uo'UtJ 0 I lV 
~llllV~~'V11lJH (1''l, ,'i~m'i'l~ 2-7 1'lV1f('lH11~ 11lJ \]m'1il 1.J loG'1ti1 ~111I 11 eu ~~ 11lJ~~1.l1'i'111(1''lloG'l 
i'LJ 11.J1 ~ 11 11'11 iJll1lll v, Inil ~~ ~ 11lJ1V~ ~ f.l11.J loU11 ~ 1111 IWflW11(1''l il il nu11 ~ 'LJ ft ilVl1lJil il fl 'l'LJ 
19 
• 
1. !~Ufll1~lL~m1u1'i!l1l~ ~~UU 
1.1 'ol ~m1lJl~~~ ~!lfll:; Iii ~tpJlI l'fi1'J'YlWH\ 
v 
1.2 111mJ:; 1fi~ rnrrml 1Jl1l!lU, 
1.3 'ol~m1lJ\~~~~!lfll:;:;~liJ~U'ol~fll:;~~ hJ 
1l~~1fl 
lI, II I 
3. 1J:;~mJm11 !l1'11~v Hwu Yi J11U UU 
4. mU\'IlJ~'~:;~UUV~ l1JlJ~1J1~1~, 
v 
1. hh11lJ1~fflJnUlffl'J~U 
~'" ~ ., ~"~,2. mLlJU1ffI'JIlJ:;1~U1~!l1~UllIfl11fll~~1~ 
3. t'l11~ U lffl'J~1i11Jiiii1 V1nU!l!lfl9lL~ U 1 J1~ 
S.I c:! 0;)1 c:l 0;)1 J 
III !l~LVMU fll'll'Vlll1U~1 11 U fl1'11! \l!l~ 
"" ~ r ~ <'!:l ~ ""Q
4. 111 fl1ffl'J'Yl~~'lJ'Wm~lJm1lJ\'IlJ11:i!llJ fflJU ~ 
. , 
n~fl~!lm~1i11111'i!l11r!l'liu!'huii'W '1 \Jfl 
n~fl~!lu1J1 
"" 0 d S.I I "" 0 ""! S.I Q.I
2.4 .6.2 'lfU~:;~ uuerun V~~ 1~'ollJ !l1~ UU~'lf'W W1J!l~:; ~uumm V~ mV'ollJllI1lJ!llll:;1 
ms 111 'ol'lJ!l ~!l1 fll!H~'W 6 'IIiJ~ 1J1Uf1 
fl) :;~UU,!\)J\)J1 fllll 1~" 11~V~ lffl'J ~1 fl~ 111ml~~1~ '1 !~ !lthm'Yl!l!l fll>11U11 U~l~ ~1 
Uff\l~~~m'Vl~ 2-8 :;~UU,!tyty1fllIlH'lJ'Wth~1ffl'J~l~ mHmtIJlJ1'olu11~ 'lJ1-Jl~lft'WN1U;:l'W Ufl m~ 
hJlil'W 5 l'llUlI!lJllI:; 1ulJ~~u'Wmm:;t1'lJuri1~1J1:;~v~1'm 500 IlJllI:; u~~~Hihl~~~1'W:i~~~~ 
1fll! fll11 ~ UU\'I11lJ~'W~ fflJl;j'ol n'W :;~ UU0111 ~ V~ ,!ty ty1 flllllJ\'I11lJ 111lJ 1~ lWfIUms ~ 11~ ~~ ~ 1fl 
., lI" " 
<'!:l d <!:l <!:l , <!:l <>.I I "':l d "':l <!:l "" 
lm!l~ ffl1:; !llfl >!l~ U~ !'VI> 1~ ~ ~ ~ ~!l1 fllllu N ff1U 11:;!l1'1 ~l1lJ ~ Nl'W1 m!l~ ff 11 :;!l1m!l~ U~ U U 
~~1i1111iJ'W ~ ~ ~ m~ ~1~ 11Jnu lW 1'W flm'hl~~~~'~ ~~!~U fl1:;~ !l~n'W4u ~ ~~m~ ~lviifl'l~ 11,j~ 
(V1UlJl!ff, 2540: 318·322) 
. . 
'\1) :;~uurl11lJ~lJ'11 Qvmtil''I'lufl11lJ~ml1fllllY1H1'W:i~uuil1im'W1lilflU 0.8 
barg II'ol~ Q1J fl:; til'll!lU1ffl'J J1!l ~ lJfl11lJ \'I~ 'YlU.J!l \'I11lJUlli fl~ 1~ ue ~fl11lJ~U:; ~ 1111~ m~U!lfl n U 
:;~UU1J:;~lJ1tIJ 0.14 - 1.4 barg :;~UUm1lJ~U~1~~m'Vl~ 2-9 H"ll~~~~lfl~~ll!lUlffl'J~lUl1-W~ 
1~~111JiJ~ ~~~1 ~lffI'J11111VI>11Ul1-W~ lffl'J ~Hihl~V~I~'W l!'l'l'JV~mtIJlJ1'olU 11~1~'W.n llj~ l1r!l 
, , , !lJ
", "1 ~ ~"~"""~ v ., ~IU'WW!l ~ 'lJ!lm:;:;~"fl!l Uty1111:;!l~fj'W1'I1'I~1'ml'lJ111'ol~'Yl1~!l!lfl (U1'WlJ'Wff, 2540: 323-325) 
20 
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.1:::1. 
n) >~1J1JmllJ.r'W1Jlumn:j mllJ.rUlJlnlf('U<l.:j1~1J1J<lcJ>~Ml1.:j 1 - 3 barg 1'tY'iI, , 
~1 ~~lNlJ tlnEl \lJ~I~U~' l1~IVV'ilI~<lI~lJ mllJfl~ IN,'(11U rm1M11'U<l '1'tY~ l'tY~fi.> \J~U,r, 1MTI 
, " 
Co d<v ""Cl~ I ~ d 
lJ'tY1 ~lJ 11 f11J \lJ ~ lll1 ~ 'tYlJ 1J 'iI W lJIIIlJ mnfll1lJ U VI 
ii1-1 N'~1-1 'Ul' miim.JlJ m yj rJ l~ 1-1 ~1-1 rns ~ll~m$i"Vl1m~1J1JmllJ.r uihuf1m, (tJl1-1lJ'W'tY, 
2540: 325-327) 1lf('iI'lJQ11-JjllV1~ 2-] 0 
.. 21 
. ::: ) 
Vent s.a('"~ >Jr 
c-n.necuon tc 
rt~, ..t coltect :nq 
, ~'/Stc;-;" ~' \. 
--;:::(;=--- ...... j~ 
- , 
, ~... -~ 
i1l'l1~ 2-10 'j~lJlJm1lJ¢I'Ulhumm 
.:I) "~lJlJrn1lJ¢I'Ui\l.:l d'l'UnlJU~iJrn1lJ¢I'UtJ1fllfl'l:.:If)',h 3,06 borg <l1lJl'j[l1M' 
n n lJ¢I'U~ 'l: .:I{).:I 8,5 borg ~.:I <l1lJl'j [l ;;11l~ tI.:I '\ ~ 'j ~ tI~ ~11.:1 'lflil n tI~ YIl.:l ~ '\ ne ~ 'lmh ~ lJl III 
2300 ,lJl'1'j (th'UlJll<l, 2540: 327) 
,. '>J I 
iJ) "~lJ lJ fl.:l lHUi:lJ1 fllflfl.:lrn1lJ ¢I'U 'j~lJlJiiH~i1 tJ?i tJ.:Ims1lJ 1<11'1 il1fll1m tIiJ1'1 
~ ... OJ ~ q 
.,' d ~ d «", l' ,,~~ l'l~il~lJiltJtltJtJfl'lll1mtl~1'1 l'1.:1ilWI'll 2-11 l1'jtJllJtJl'1tJ.:Ifll'j 'lil'('l!'l!lfllfl~lJtJ'jlJlli~ llil~ 'If 
, :oJ Ii , 
f111lJ¢I'U Vi iJI'1tl<i tJtl1<11'1 '\ 'U'j eu lJ I'Ii'Uii'l1''Ul111.:l il1flTItl ci tJtl1<11'1 tJtJniJ1fl s ~ lJ lJ lli:IJi:lJ1 fll flll fi1 
q q q qUU 
'j~UlJrn1lJ¢I'U ~lJl1lJ'liRlll~ j,tltJliJ1'1'1 'U'liUI'1 f111lJ¢I'U~1 flm.:l 11 ~ n'l:.:I f\ '\~ ~'U OlJ 'lii1I'1'UtJ.:I1<l~ 
~;;111~tI.:Illil~'j~tI~'I1l.:l~;;11l~tI.:I (th'UlJll11, 2540: 327-330) 
. " 
\l) 'j ~lJlJillJ'lil tI;;11~~ tI.:I 11'1 till 'j.:l HlJG l.:1'U tJ.:I Infl s ~mJii 111~lfl ~ tJ'UTI 'lU~1 till 'j.:l 
1 -({lJ G1.:1 'UtJ.:I 1ll flllil ~ iJ il lJ 'lh m'h 'lM111~ '\ 'I1il'lilml'l tI'UtJ.:I mill ill fl i1ll1 ~ 2-12 lllil'1.:1 1111fl fll 'j 
'1I<LI' c:I 0' oJ c:I d..J w c:I 0' 0 'V '11 
11'1t11'li1'11tJtll.:l'UtJ.:I'lHlJ'Ul'1 'lI.:IlJlJlJfltJ.:I'Ill1'U 42 - 52 tJ.:Ifll I1ll'llf-l.:l'llllJ'Ul'1lJ'Ul'1~llm.:l'l1l1'11t1f-11 
., . 
.]j.:l iJ 'j il ~ 1'5 tll'1 Vi til fll flllllJ 1 'j [l'\l1il Hl'U '\?i 11l flll1 iJau l'lh~'UlJl il 1 fl YIl.:l?il'U ci 1" iJ~ ~tJ.:II '5 tI.:I
• 
, . 
1'1~11l1'j.:llJlflflil 47 - 52 tJ.:Ifl1 9JllJ'U.r~.:Iil~lfl~tJ'Ul'11il 1l~tl'liJillJlth~'UlJ1l1lJill'5t1.:1I'1~llm.:l 
~' ~ 'd "" "_'''''.1 ~ 1l1t1.:1 4 tJ.:Ifll 'lIllJ'Ul'1fliJ~lflljtJ'U mil IlJ Il'1l~m (lJ1'UlJ'Uli, 2540: 330-331) 
22 
v -, , 
n m'inmu1u,hullrvhm 1'UuWI1i~Vn1i1'1'UV'IlJVII'IV{ViH~lJ1lJl'll1v{ n~;Jdl 
.uvlftVfJU~ll'll~#ivHI'l llJIi1lJmi1~ri1i'i'w'Uv'I1lJmlv{~lJNilI'l'\Jlv1 ~'1lJ~UI'IVUUVlV'II'Il'lll'1
. . 
v 
1Un1'l!'i1Ul\l!~"lv'hJi1 (D1Um!1l, 2540: 393-405) 
1 I I d 0 d1
n) V1um Saturation, HP/ton , Pressure Factor nl'l~mfl11lJ!n 1Hl1'lllll11V'I (v) 
~lnl'll'll'1~ 2-3 1Ml11lJ l~lllJihr]ll~~#iv'I nl'l'UU ~ 1V nlJ 'lD~'1'l ~v~~#iv'I nlHl1nl'l'Uuci1V 
• UfJn~lni1ii'l#iv'Im1lJ6'I'I'lltJm.r]l1'~~')'jVlJ (Volumetric Displacement, VD) tll'l~fl11lJl~1'lfJlJ 
(rpm) 'lIV'I'lDtl niltJvu 1l1'~.'I1V 
'U) 1'l1Ul'UD~lJ1\l!iJln1fl~#ifJ'In1'j'Uv'I'l~lJlJ (SCFM) mnnums 
SCFM Sat x Q x 33.333 
23 
fl) fl1U1tll111m1lJiiuH,:I1U (Operating pressure, OP) ~lfll'ilJfllj 
OP (HP/ton) x (Pressure Factor I SaL) 
ACFM (SCFM x 14,7) + (14,7 + OP) 
Q '~I
u) IllUltll111IllflTl'l'U,N'l'leJ (Pipe Constant, PC) 
.. 
m:lJl~l'ilJ~lfl\i11j1~'l'l 2-4 ~lfl1,'(lJfln 
PC ACFM/v 
111flfl1 PC ~fl1U1tll l$1iJm1lJlll'l fll'ilmfll Ul'llj1~111\i1eJ flvleJ'U\Jl\i1111\Y~,!I'l~iJ 
fi1 PC lm'i'I!1lnflufi1 PC ~fl1U1tll 1$1 
.; d 
mjHfl 2-3 fi1 Saturation, HP/ton, Pressure Factor 1l0l~fi1m1lJljl'Ufllj~11111J~(v) 
100 ft 250 ft 400 ft 
Factor 
Sal. HP/ton Sal. HPlton Sal. HP/ton 
IlJ~\i1fllllyJ 42 5,0 0,6 L2 0,9 2,1 i.i 2,5 45 
'I1'n1JJ\i1 45 5,0 0,9 1.5 i.: 2,2 L3 2,6 55 
48 5,0 0,9 1.5 r.i 2,1 L3 2,6 55 
. " 
'U11lJeJOl'l'l 28 5,0 0,8 1.5 r.i 2.0 L3 2,5 55 
•
'U111"eJl'l 25 5,0 LO L8 1.4 2.6 L6 3,I 55 
1I'(11'l1\i11 35 5,0 1.4 2,5 1.8 3.3 1.9 3,6 65 
"~ !Jl111jl'iI'll 20-40 3,8 L3 2.5 1.7 3,I 1.9 37 70 
m'J~ 40 3,0 0,8 1.7 2.4 1.5 3,0 55 
m'J~ l'i111 40 2,5 0,7 1.8 0,9 2.2 1.4 2,7 35 
50 5,0 1.4 2,2 1.6 3.1 1.7 3,6 60 
24 
'I) ~lf11'lH'iJ1J~~rilU~lJ1W<Jlf11ff~~l'IlJ<Ju'hll'l(ACFM) !l<l~rilmllJrlUHi~lU 
(OP) ~lmllJnn 
OP'm; {[SCFM x 14.7 x (14.7 + OP)] 1ACFM,,,"} II' ­
'If) fhU1wnn4'11'f1<1'\1<J~<J1f11ff~~umrulJ<Jull1l'l (Feeder Leakage, FL) ~ln 
FL(ACFM) VD x rpm x 1.3 
FL(SCFM) FL(ACFMI x [(14.7 + OP) 114.7] 
. . 
nr) fll1-l1W mU1lJ lW <J1 f11ff~~'f1lJl'I ~,.hUI.u'1l'i1 U<ln<J1 ~ lnl1lJ f11, 
• 
HP SCFM,u,,,,, x OP x 0.006 
~ , 
111UN1U 
• I I tluun<l W1J<J~'Ii<J SCH 5 SCH 10 SCH 30 SCH40 
3.6 3.5 3.073 
4.63.5 4.8 4.05 
4 61 5.9 5.3 
9.4 9.2 8.45 
6 13.5 13.2 12.0 
7 22.723.2 16.0 
21.38 
10 34.0 
47.812 
• • 
25 
"",,,,,,.J ~ v 
2.4.7 IHlflYl'W ii1'W 11<1 ~ msmu :I1U>1lJ'UillJ<1 
~ . 
"""'" <:'! <lJ dlJ) <lJ ~ "'" "?I jI .:!!IH)fI 11lJ1V()-:I 'J)'fI'Uil.:lfl11<1'U'I'llfl1lJlIl'l'lh~lJ1<111Hnlm1~111u'W'UillJ<1l'1''l'lJ 11'llJ
. . . 
.4 "'" dldl;j! c:l=c:l ci :v ~ 91 
11lJ1V(\.:I l'I'l'U 11'11111 'W.:I '1'1 11f11V1 eru VlJ 1~ 1'W rnunu siu 11lJ'U illJ <1 fl1 'l 14 11l'l''W lJ'UillJ <1 fl11 
. . 
<::'l ""' ... :v QJ flm1lJ11mUrn'l1Ifl'll~11'Uill;j11(l'I'lJV, 2540 : 663) 
" d .; • 9 _" _.1 .. d - .. 9mslfllJ:I1lJ 'l1lJ 11 mv (\.:1 ns ~lJ1'W msn ~~'I'l1 111 Iflus~ l'I'.:I fI'U il.:lfll'lfffllJ 1'Uill;j111'l il.:l Ifl 
.4l dldi/.el :v !V <lJ 
l'lil.:lI1'W.:I'I'lNfffllJ1'UlJlJ<1f1eJ.:Ifll'l (l'I'lJV, 2540 : 666) 
<lJ A "" ",1 ci :v "'" <Iii <::'l 
III fl U YlI'II'W 11 fI'l il.:l l'I'ill'W nU'l ~ l'I'.:I fI'W III 'l!flU>1lJ 11lJ'U el;j111l <1~ fll 'l11fl'll ~ 11 'U lJl;jl1lJ 
o ~ d:v 91 9:V <lJ ci;v 1':\.Ij!iJ <::'l.::'l "'" "" 
m1lJ ~ 11U'W 1'W tl.:l fl1V ~~fI tl.:l I'111111 flfll'llfllJ'Utll;jl1 l1i111'W lUI '111 'WmnU'lVlJ1'1'1 VlJU'l~ l'I'm 111 YI 
,d. .:!! ci d. <::'l ", :v "" "'" q"x '''''' 1~1111.:1lm tl.:l fl~l 'I'l1~IUl1lJflllJ<1f1l'1'~lfl1 1111~lfl'ltl.:l l'I'ill'WflU'l~l'I' .:Ifl111'H u'l~l'I'm f) 1Y1f1 'IJ'W rrrusu 
1J~lJl111 ~~tl1mHmh 
-----.---XIOO 
1Jj' 1J1111 ~~l1lJfI 
2.4.7.2 J1'IIrulJIl1 'U mufI 
lJ'IIUllJll1'IJflWfI 115tlfi1m~v'IJ'HoU'tll;j11~Hll'l!l1mll\r X(1'i1'Wl1IVfl'l1tn5) d'l'W 
, 
fll'lfi1'W1'Wfi11fIUflWW lltl1Nl1'l'lJ'lJtl.:loU'tllJ<1'1'lfll'1'111'l;;'V~1'W 114'U'1HoU'tllJ<1'11.:111lJfI nufi114 1tll. , . 
" , 
,hIli ~V'lJlJ.:IoU'tll;j<111iJ11'1'<DfI fl~lJlJ lJ~ 2 11lfl'.:IU 
n) oU'tl lJ<1 ~ 1Ill) III 'l<DfIflciu II<1 ~ 1IllJ III 'lll;] nu ~.:I m llJ ~ l'I'fI 'l~ 1~1 'W1Il'l fi1'W1tll fie
." . 
" X
x I-' 
j=='1 n 
.. 
llJil 1,2,3 ...n 
" XI-' 
,=1 n 
n 
26 
x 
.;
 
1!H) 1,2,3 ... n
 
k f X2:-" 
i=\ n 
f 
, 
o v w
" ~n I'111 11H\.!'lJlllJll'Yl~MlJ~
• 
2.5 <qu 
, ' ~, ~"o "''', ~odt"9"9 "Q.I~lfl'YlNlhllJ1l~'Yl1fllHlfllll'lJlllJllI'1H'1 'Yl~ll1Jhll'111~ l'lf IhlfllH)Nll~lJ'i~flll1Jfll'i 
fll'1 fthll ~ Ivlmi'lll nHl~ uuhll'Yll~ fll n'l m hi uneil s ~ Vfl.1llml1l'1 ~ 11'1'~ 1nfll s 11n'1 '1J Ul1.JM llhhl 
o u 
• II Ii , , 
~ l~ '1 ~ ~iJ nn ~ llUhI fllnlf W1'11[)~l111lhl nil 'i~ l1' ~ ')~1l1,j TI~ ilfilWll~ ~'I'11111"1'1111 ~i1 
1.1 'i ~ ft'Yl TI iIlyj l);~ ~ '!1'1 
unn'"
•
3
 
II II IV , 
oUumnJ f11~~11 ihmu'lJl'l~ lin ~f11~l>Dvi1 InUoUm1l'lul'il'lliJl'l~lHl~ ~1f11~lmri~'I1'I'l>J<1
• 
!V d!V $10 $I ,.t 0 "'" cI ddlrJlrJ",Jo\J]o1l<1~'lJl'llJ<1\'111I'l~f11~1l<1lU1l1'll'IJl'llJ<1mmUUm\'11f1UlI1n1~mIU IVII'lU1! vmTvmmllu IV!" 
f11~ \'1" <11'l~ ennuU l\'11~ ~ 'l ~ll~lI'l11l11l nm1>JlnU IV 'l~lU f11 ~ 1~~lU >J lflUI'l VIY1 V~ 'I" 1"v1U 
3J II ,lI
ll~U~lU~lTf1>J"lUll" <1~oUUl1I'lU'l~r'\WIU"~~ v~nm'IJl'l~f11~ ~1~ lUIVIi'lln f11 ~~111l ~ ~f11~ il 
us ~ <1~<1" 1>J lil111mV1U ~~ v~llm~ r'\ 111 Ul1, 
. . 
'Iu f11~>D"~11In ~f11~i1 ~>DwihMr'\l11U"~~V~nm'IJl'l~f11~l~lUi1~~~ll,rf11~~1~lU 
•11l1'lll'l'~nrmJ~ rumvlul~I'lU nUV1VU 2548 .r~Uu f1Ul1~1l~U~lU\l~1~f11~ lNII~U~lUllUU 
Finish to start 1 "V~lV<1~I\J V"'lJI'l~ll~U f11~ ~ 1111u~lU l'I'lm~ (]~ 1~ ~1f1 '11~ 1~~ 3-1 
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. 3.2 0l1.hli'hH1U 
3.2.1 O1:;I'l1VlJfll:; 
1u'if1.J'Ieu 'II1J.:l 01 :;1'11 VlJ 01:; I~u rmRf1fJ1().:J-1JlllJ 
•
11 'IItl.:J Ifl~tl.:J,) m ~ 11llJ1l~ U Jlu 111J1J 
'Vl1.:J uu 111'II~tl ~ 101:; >11J:; llJI ~U -1Jtl\jl1 lf11111J11fl:; 1~ r11 ~tl mrn tl nuu1Jlfl ~tl.:J fflll1~ 1lJ 
, . 
nru flU:;~ ff.:J fi''ilJltl.:J01:; 1'1Vff11J1:ilHlD.:J O1:;~ 1HU11.J01:; I'll VlJms'l;(<11, U 
.-:9 ~ I~ d .d:!. ,A3.2.1.1 01:; fitl1111fl:i tl.:J fl~I'VI1~IUl1 tl flllJMIl'f~1'l11 Y'ltl111 ~'11J flY'l:;tl.:J 
'lu fl1:;Rmn111~ '11JflY'l~tl.:J'IItl.:Jlfl~ tl.:J fl~1 'VI1~ IU~tl flllJ~ '1ff~ I'll ,)'I ~ 11'1 Vfl1:;Rmn 
-1JmJl1l11nlfl:i.:J ms l,)v : O1:;'I1'I'JjUllfl~tl.:J fl~ I'Yll~ Iu~ tl ruu ~ 'I ff~ 1m :i1lJ"l U().:J O1:;fftl1Jtl1lJ-1JtllJ 11 
, . 
~ mJ flY'l ~ tl.:J 'ilY'l1J"l;(<I1.:J U 
n) 01:; U1m ~ V~ m1lJ111.:J11 U'1 II 11.J fl~ 1'Vl1~ 1UIIe f1~ 1"!¢("llJl'f~ '11 fl Ii1 tl.:J II 1f1o/1 tl.:J 
11 ~ '1lfl~ tl.:J,)fl:; ri eufl1:;~ 101:; U1m~ V~ 11 U'1 II 11.J fl~ I'VI 1~ 
'II) "llJi'fllJ1:ilJU 11Jm1lJI~':;tlU'IItl.:J 01:; fl~1 'Vl1 ~ lUll en'l¢(1i.:J"!lJ ff1lJ 1>n'VI 'I fftlUM1 
0< d , _I~ 'w
m1lJl:i1:;tl1J'VIl11lJ1~ fflJ\iltl 01:; fl~ 1'VI1~lul1tlf1 1'1 
fl) ms "l11 11 <111'11 tl.:J IlJ~'1ff~\'11 ~hu"l U1'l11.J'vi e ff.:J "!lJ~ I\'il~rm Ii1tl.:JII1f1vltlff .:JllJ ~'1 
ff~I'I1lJljmj f1.:Jtl~11 ~llJ~ I'Iff~I'I11f)~m.JI'11 "!1'I'"lli~lvl1~m:; 
.:J) 01 :;~.:J m ~ IIlV'lltl.:Jl1 ~ tltl.:J ~1.J II 1flllJ~ I'Iff~ 1\il1 11.J :;~Wil.:J~l 01:; fl~I'VI1 ~ lJU1lJ1t1J 
lJ1fl 
II) 'lJUl'l'lltl.:Jlfl ~D.:J fl~ 1'Yll~IUllllflllJ~ 'I ff~I'lllJ '111.J l'1rl tl1.J {1.:J 1MIt! Ii1 tl.:JII 1n01:;,)1'1 
11.:J ~ iluu 1J'II ll.:J 'QU m nr ~ 1.:1 '1 ~ 1 'l;("!lJIitl VI11lJ1~ eu ~ 11 ~I fl~ tl.:l fl~ I'Vl1~ lUll tl flllJ ~ 'I l'f~ ['11lJ 
'lJ1.J I'llMI!ilJ1flfl11~m:; 
3.2.1.1 ms Rfl11 llfAtl.:J,)mlf11111J 01:; llu:;~u~ill'li1\U '11 ~lJm; f1f11:;~m1.J flft1V 
~ d _I~" 
fl1Jlfl:itl.:l f1~1 'VI1~ umeruu 11 'I ff~ I'll 
v "' ,. 
11.J.u1.J 1'1 nu U\J~ ~ 1nn Rmn m ~ 1J11.J ms ~ 1.:1 11.J 'II tl.:J If)~ tl.:J,)m ~1.:J'1 'illJ m;nnn 
~ 1.:J 11.J flftl Vf) 1l.:J tlU lfl~ tl.:J n~ I'Vl1 ~ lUll tl f1llJ~ 'I ff ~1'l1 I~ ,nJlltll11i mr ~ 1.:J 11.J ~ ll'l fl~ 1.:1 tl1.J lJ1 
, ,j} , 
U:; ~vf11'i'1 ~tl1J 1f)~tl.:J fftll1.J nU:;~ ff.:l fi''il II~') '1l'ffl.:J~1.JlJ 1111 lJ 11'1 Vl'fllJ1:;\l l'f:;um;flf11:; 'ilt.i 1rru 1 II, , 
Jo o''jI'1'jJ~.1IY'ltl1.JllJ1U:;~~fl\il1. '1'1.:J1.J 
Q..' ~ ICl <!:!. "'" 'JJ(1) :;~lJ1Jf)l'IllVfll ul1tlfl'lltl.:Jlfl:itl.:J ff'll11 
III nO1:;"! URmn'l.:l 11.J ~ 1:;.:1 ff'li'n'll1.Jl'1l~ fl11 11lv '1 1111.:J Y'l1J11:;~UU fl'1IWf11U~ tl fl 
• 
31 " , 
111J 1JoJi1.J l'fol1J 1wfl~ ll.:l 11'Ii'11 <I1.:J fl1 Y'l 'il 3 -1 t.i 1\J~ l'f1lJ1:; n111lJ1H"ll'l'tlU Ifl~ tl.:J fflll1.JflU:; ~ l'f.:J fi' 
, "II I 1111~ lilll.:JII 1m ~ 1J1J fl'1IW fllU ~ IIflllU 1JUlJ ~J Ul '11~ fln1JIilll 'il1{.:Jl1.JU'IIV ~ 11 ~ l'f1lJ1:; \l,)'111.:J 
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" ",, ~ ", ,d , ~ ~ 1'~ :I1'U~I'IN '1 II'l~lmYHlfl11lJl1nJl~l'flJ l1lJ IlJO~~~'li1~ClI'l'U1-I11'1'Ulnlflnn~mMlJ 
U.; lcl ,n ~ 1f)f111lJUI'I f)'; 1~ 'UlJ ~ Nl1l'1l1tll 'Ii'~ ~ ~llllJ 11~tlU 1 ~ U UlJ 1~'I11'l1'111 NCl~ 
c;l )! d, _I-!I 
IlJCl~'lJlll'1mll OJ, unrwunnn 
~, ~,~ ~ d 
n U U il1m ~ ~ ~ M1-l1 ~ 11-1 n ~ I 'Vl1 ~! il 01 B n 1-Ilm lJ~ n ~ l 'I'll ~ nl01 Bnur ClI'Il'f~ 11'11 
l'f1lJ 110 , ~~ 1'UM~ 11';111l'f~ m f)';lJ f) n 1~~ lll1clB~ ~ 1f);},nM QI'II!l ~ ,n Iif)1 r1B'U rrml ~m~ ~ ~ 
• 
, "", ,'~ , ,I~ ~.' ~.M1-I1 ~1'U n~I'Vl1 ~ IlJ CllJ f) IW11~'lIl'IlJ 1U1 ~ ~~11'U1~ 1'Uf)~ 1'Vl1~ llJCllJ fll'll'll'l~ e ~U 1-llW1\l'UU 111-11 ~ 11-1 
• ~ ,lJ 
n ~ rm ~ltJl\ B fl9i TVI 11l1'11lm1m11-1 rnsil f1J'I'1~ 1-I1'UWiHllJ1111 u~l1-ll !l5lJ ~ ifoli11'W1-1 mlJ rmilfU 
, • J' lJ 
1 ~ ~~m!1~ lOU if 111'lJtll~Yll!l5B~,y f) I'll N 11-llJ ~ ~ ml~'lil'llJtJ m Ill'tJ~ lJ1 ~ ~ ~11 Ul~ lOU ~ 1'11'1~ B ~ 
'Y • • "" 
, , . 
-r , '" ~ ,q' ,'"' 1Qd,fll~1-IlJfl'U1N 1!l1nnl~I!l1lJ~~m'Vl1IMl'f1lJnO 'li~1'U 11'll'f~1'I1f)lJlfl~~'U'U 'li1~ClI'lI1Cll urns 
"" v ~ "" 'jJ <:l!l) 1\ f)fJlll ~Mll N11J l'fU1\~ 1l'f'J11'UN11-ll'f 
<:'l d ~ d I ""' 'jJ";1J) 'jJl'
'ill f) f111 llf)fJ llm lJ~ nerm ~ltJmJf)llJ ClI'Il'f~ll'llWlJ11 01 flfJ III ~'UlJ~ M'UN 11-1 'Vl 11'1 'li l1J 
f)WVlI'I01 Hfl1tJ1~ il'Vl Ii111 W'1J lJ~l!l ~ lJ~ f)~ l'Vl1~ nl 1\e mlJ ~ 1'Il'f~ lI'mr1J III 'il~ llllJltJ ~ ~ ~ fll'i'l ~1~ tlU, 
l!l~ lJ~ ilH1\~ 111llJ~I'I vl'JilJl1-l f)tJ1~l'f ~~~ ~~,y l'Il'ffl~~'U 111 11'1m;if)fJ1ll~'UlJ~l1U1~ lOU iflJ 3 11f)fJtll ~ 
1'1~~tJ~ 3-2 ~lJ
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 mJUYlllhlmll\j~11'lum!1~lU,~~U~'1 2;;lU 'U'W1l'1lffU~lU~u6f1lm300 
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d <::!.cv ~I y y"" <V d 'J} 'J} 
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l1'U1~l'Um!UU'Vl 1 l1'U1~lUmIU1J'Vl 3 
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" .. , 
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Q , 
'lJ'U'J 'U <J TJl'f'j Fm1hmJ 1l'f 'J F1l 'j l'fn11'1 <J 'VIlJ 'J<J<J1 lll'j 'j 1f1l'U<J'I1l'f'j 
• 
, 
.J " '" ; '\ '~ Q , • MU '" I"'UU~U'JIV Fll 'j l'fFlll 'j<J ~ 1 :W U'VIlJ ~ <J rimnn 1ll'lJ'<J 'J
• 
'" W I" , tm<J'I~m 'J <J1111'j 'I1V 
• ll.it~uVilJ~<J ,",w '" U" , '" "<J~'lJ''VI<1 'UU'j ~lmt:IJIlDD Fll 'j l'fFl11'1 <J 'j1f1lfl<JU'U 1'1 1l'VI 'I
• 
• 
U1UFlm'l '" 1·<J1\!l'j 11l'lJ'O 'JV1Fl 
.J " '" ll.it~uVilJ~<J • yj<1 <J<J 1 'j fIl{D <J U '"'UU~U'J1VFll'j Fll':ill Fl11'1 <J l'f'l 'j1f1l11'VI'l 1ll'lJ'<J
• • 
... 
lr1'mFlIfI<1 <JDDU m~l'flV <J1111'j 
•1'VIllmiJ'J '" u· , ., 0 1l.iI~uVilJ~<J ' " 'UU~ mmt:IJIlDD Fl U l'fFlIf'j <J m 'j 1fIlfi 0 lJ'U1'1 1l'VI 'I 
•
'" 1·<J1111'j 1ll'lJ'<J 'JmFl 
~lFl~ U 1'1 ~ 3-2 l'f1:IJl'jlJ l'f1U 1#1i1 MlJiJ fIl1:IJ 1ll:IJ 1~ l'f:IJ:IJlFl~ l)''J (11<J'I ~ 1FlFll'j IriD 
;J<J l;j <1 l~ V, rlD 11'1 'l Vi 111U'1~lU 'VIDi1 MlJiJ ms liFlWj<J~1:IJ 1Fl <J l~Fl U H'I1 U l); 'I 1) Fl~'I V'I 
~ , ,.	 'JI 
1'I1:IJUlJ:UU 'jUrI',Vlfl1 <J'I~m lr1' 1l<1~i1lY11'1\1Ji11'1r1n<J 'll.il~ UVi lJ~mJ1111'j l1lJm'l 
'U	 <J ~ ­
1~<JVi 1Fll'j'jlD 'j 1:IJ;J<Jl;j<1 ~ 1numi'l;J<Jl;jll~ 1'1'] ~ U1:IJ 11 ~ml mfl~ I~<Jtll'j<J<J flUDD 
llf{1 Ii'IU1m1;J<Jl;j II~ 1rI':IJl111 nU 1tm l~tfl~ <J U'j~ IlJu fIl1:1Jl~ lJ 1 ul rI'~ <J m 'j <J<J mID D ~ 'I \J ~ 
Ii'I1'1ll~tIlfl~<J'I~m l'JV~'j'l 
3.2.2 tll'j<J<JFlUDD 
1u Fl U <J<J nuinnn~ ,)'111m lJ Fl u'j ~ 1'I'1 !'Ilr1'111 Fl U 0 <J Fl uuu III VIII mjFl nU 'VI 1'1 
lftlm'j:IJ1~<J\J~ 111111Ifl~<J 'I11t1lumh~ l'f'I!'IiJI'HlFl U111'11lJ ~ ~~ l:IJ~rI'<J'IFl U ~ '11 u nU <J<J nuuu 
• 9"	 ~.' 0 W ,", '9"' 9Q'.""\J~I'I<J'I<J<JFlllDD 11l1'l1:IJ1'jlJl'l<1l'1l'J'I1V !'lJ''I1U !'J'I1V D11'1'jFllJ1l'J'I1V m 1'lJ'~lV ,UFlU 
1'111 i'l lJ'I1lJ~1 lJ!l11:IJUll <J'Jilv 1u F11'j 111 'I1lJll<1~Fl U 1~ '11lJ ');'1 ~'It~uml Fl~lJ l!llJ!lFlllll1V 
.I W " ...3 .2.2.1	 'j~DDu'jm~V~ll\J1\J1U1'I 
" .I W " 9" .1"''' o~"IU <J 'I~ 1m ~D uu 'j D 'j ~ V~ II u 1\Jru Fl~ I'VI1~ nnm <J'I Fl~1 'VI1~ ru nenum'J 1'I~ t'J 1'Vll ! 'J 
1l.i1'l~'J1Fl li'lU 11<J1lllJ lf1'Jllll ~1li1nnU U{m~ V~ llU'1\J ru 11'U<J'II!l~<J'I 11;J111'11:IJ 111;J<J~ 3.222 
"	 ,9 3J ~ !SI '<oJ ~ ~I<1I L'l. ~ <::III)!SI <:S ~IQ.I ji <:!!SI 
!lllllJ 1\J1lJ'J 1lJ <J~ FlD'Vll'll:IJ UlJu'jDlll <JU 'j~ V~lllJ 1\J 1U l'f I'J 'lJ''I'iJ~U'jD'j ~ V~ll\J1 \J ru l'I'Jl V 
lFlllVllJ<JFl Illl~n111U'J<ll11111J'IllU'11J1lJ11111<J~nD~rI'IVlFlllVlhj 2 ~1 ~'1il1'V1~ 3·3
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Input Product 
r-. /'-"
'_,_--,_J 
-, Bolt 
, 
.-> Clamping Nut 
~-"";- Fix Nut 
Muller Plate Form 
- - ---_._._-.- .-- ._. --- -- - - ------­------~ 
~ "",3.2.2.2. 1~lJlJfWllWnluf,jan 
1Uf1l188 nu lJlJ1~ lJlJ41~ IW f1lD ~ 8 n1l1;til n1188 nu lJlJu 11 ~ 1'1ml8 lJ 1~ unWVIl ulJu 
• ~lM" 2 I;DlilJlJ fi8 1~lJlJf,jlJ~~ lil1~1~lJlJl1lJilh l~ml" 2 I;DlilJlJ1l1'~11j)lnf1l11'11'1118lJ 
l.h~i11'11i 11l~ 1U f1l11<if" ru ~lmi'l~v" flU U~ nl'il" flU ~1~lJlJl1lJ~ 1'If!8" n 111~ 13lJf!U til.," ffl111u 
.. . 
~~l'Il1lJll" n111eu13l1lJilh i1" I!U 1:lJlJl1~IWf1lD~8nYi1~8nllllJ11<ifffl11flJ41~lwnl D~8ml'l88n
• 
III f1llJ~m~'J fi8 1: lJ13l1lJl1'h 1~u Hlmci" ihliJ~ l1lJ~i'Jui ~l1lJ 11IIj~ ~"f1l188 nuuuune1'11'111a 13 
, , , ,>I!O'. 
lil'IDtiam)'l Ul1~llJ~ ~ ihYi N1Uf1l1!l1"tIl'Il'I"1UYiaYiiJiullTIlJ9JU 8QIllV1U 91"<11..111:111 1filU 'li8" 
• , I' j,I , , 
81 f1lI'lYillll~ 1~Yill ru ;)1"'U8" Yi 8 1~ Ualf1ll'lll~ 'l"tIl1N1UiUll.,lJ9JUIi15'l1l1~ 11lJlID ~a nihYillJ 1 
n111lJ~ ~ ~'l8a n1DfllJa lf1ll'l1'll "'li8"111UI'll";)1lJrllJ1'11 "1;)1 'U8"81 f1l1'l i1"ull~" 1Ul1l~~ 3-4 
v 
mrnann 
------ - - ----
• • • 
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~~.,., 10""' 
322.3 i~ UUl'IlJf1li\-111i\~i~ UlHOf1l<l-1 
i ~ 11 ulil'u rl1;;)-1 rll111U9lUl-n'itmu ff~ l~ DmlunHflDllllll'ID{hHh 3lrl ff'U U11'I 1 
•
 ~ v I a' Q c:iq'jJ c::l	 d"
 usnn WiDll1'1 1 V'lfI'lD 
n
unrtufl1Uflll m III liJiDU1'1 !'lffl1UIlll fl11llli1iDU'U D-1 lJtHI'ID, II<l ~ illV 
q .. q	 q 
fli~ IIffl rlrh1,rnUll llll'lD{~,V ll'lvn i ~ll ff1rlYJ l~ ~ lViJ eul ,rnu DUm rufl1U flll mlllt1JiDU, , 
iJ~l~uhIYJ1>~uu 1 lrl<1' l1jD 3 lrl<1'n'l#I 'ul'i1U'UD-1i~UUl1-1nl;;)-1l~D-1iJm<1'llJlitlmUljll 
d IIJ v '<=:' 'jJ AI d' d..,g IIJ '" ~I d 'jJ Gj 'jJ ~I d'dfl11111iJ,DU !I'IDVl-1DTIi ~ 1'1 1V'lU ns tlJ mUljllm lllli Ji DUiJ -1 !lliJ11 uU1'1 il~I'ID-1 !'If'lu m tlJ IWD 
1'11'1 m l1Jl1JiDU Ii-1l1 -1.hu rl1<1-1 ill nllDlI'ID{~I W<ll'llU11'1 V1'1 i-1 Ii-11 ~l ~ enHllU rrs rul'i-1 ~lU 
• jI	 jI, 
rll<1-1i ~,dl-1 tW<llYii1 vnll fl<1UU~ -1 (Coupling) 11'1 milD nHill;;)UU~-1'1fUI'I 01'111 qu Yi l'IllJlitl iil'l 
. '"	 '" . 
AD n 1>'I1N1Ui ~111NlWi\11#1 91-1 iJ~ VDlll,rl fll'ln1>lVD-1~lJ6i ~1111-1l Vi<llt1-1TID-1 'I~l~ m'iDmY;D 
• 
iJD-1 nun mJI'I ii1 nu i~1111-1l Vi<ll IInt1-1 i1'-1 '11 1nmJ11-11mn'l ~·:ilvlln#l1V 
32.3	 f1li~1'I11l1TIfj'lUnru 
n 1>,)1'1 11 11<1'fj II<l ~ 'IU mrulf lllil'U ill nn1>ftm\'u II<l~ TID umu 111 <1'tlllJ Yi ~ l11U10
,. , 
1TII'I II<l~ DU ns ruI'IlllYi Iil'D-1 nl i 11<1-1 iJ 1nuuli-11Url1>1iJ, llll'UD-11ffl'lDUflirulullA <l ~ TItllU Yi q	 q q q 
l ~D IU~ VU lYi uu i 1Ill' 1ll1UIi-1fltlJ j) lVi'U ~ -1 iiu III lri D'111 n n Ui ~ llJU mlll!l1lJl~ TIll'U D-11<1' 1'1,	
. 
, 
,	 , 
DU n,ruYiI'1'D-1l1li 1#111tl'11i -1 '11 1111 i,)1'1 9!D 1<1'1'1 DU mru.J-11'1 lil-1Yi 3-3 ,	 , , 
o ~ • 
3.2.4	 f1lil'lllUUnl'lTI,l-1 
f1li .11\UU mr <1'fNlf1~D-1ffDlU nUi~ l'I'-1 rl 'I'll-1fl ru~ y'i,)1'1 '1111 m -1 n 1>'1#1,)ml11 -1 n1> 
• 
3.2.4.J ms ~fl 'I111Ul'i1U'UD -1-11U ~lJ i U'liUl'i1U -11ulw,11UUiJ ~ d.lu n li IIU" U 
, 
• ., • 
1<1'l'Il,r~'u -lWltl1d tlJ ~ll<l ~ 'UlJ11'1 A1-1 '1 fllllYiI'1'D-1 nn 11'1 o-11ulul'i1uUiJ~l~UlflV1nlJ-11U nil-1,	 . 
-11Ul iJ l~ -11U:U1U lli\~-11Ut1Ul~Ul'i1lJ lmy nm~HllJn1>')I'I'I1mullJff1uii'Ui ~llltlJ 2 l$lDU 
•	 '" I :oJ 
3.242 f1l',)l'Iyhlu ff1U'UD-1-11lJU i~ nsu d'lD1#I'liuff1U Al-1 '1 Yi N1i'll'llll'l1'lJl'IDU 
'"	 JI v '" 'j/, '" 
ms ~1-liUlTI1 iJ -11ulu 'Ii1 -1 ADlJl fiD tll'l UllDl ~ul'i1U 'I1-111ll 1'1 '11-1 'liuff1U Yi '111 f1li N1i1'1 ~U'lU 
.	 . 
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1:IJ~l'Iih'l1'1 3 'lfU ~f)ci'11-J 'lil'1 200 - 400 'i tlU~f) UlYl IUeJ'I~lfl '1,?I111eJfI9l1-J ~ 'UeJ'II:IJ~~ ihll vnne Tl 
~lfll11iif) fl~,! 'IFl"h '1 U'lil'11l11:1Jl~1'i iJU~1-J '1 i ~ v~ml:1Jl~h'i iJU ~~ w:il 200 'i iJU~ll1-Jl'I\~~ Inf! 
II'i 'I Iffv~ 'YI11-J 'i ~1l11'111 if1~ l1-J II nUl:IJ~ ~ ~1'1 'I:lJlfl ~1-J II'i '1lJ~ 'Ull~:IJiJlrl e1'1JiVilliVi V'I'1111,?I'1Ji 
m:lJl'i ()111msrt IlJ iif)m:IJllrl~lll~ll~'lfUf! '1~lllV 1\jjh1J'lJ1l'lftl1:IJb~ l'i eJU~ll'I fl"ll 400 'jDU~eJ
• 
, jI • , , 
1-J 1Yl~::; 1,?1ll'i 'IIII V1'1 ;111-J Yllfll'l{J 1-J 'i~ ,'111'IN111ii1'lJiJ'Illii1 ~11-J rt nu I:IJ~ 1'111111 1:IJ 1ml1'1 ,?I1:IJ 111'1 III 
IViV'Illf!flllllflbl~llJllllTlI1'1~l'IfiUI:IJ ~I'I ~leJ ~ 1l1l::;U 1~ lil1-J'lJ eJ'Il:IJ~l'I~l~ rt~ml:IJ I~1'i llUll 'I '1 ~::; 
", • '1 • ~ , ~ '1-' 1 ~ l' "Q Qllf! nf) IInru 1-J N'I:IJlTl'YIl m fll'lTlU nnn IIV'i::; 1111'Im 'i 1l:IJ1fl 'iluin1J lJ 1-J m 'i I<l eJ n 'lim1l-H'il'j eJU
. " 
• jI jI, , 
Ylm:IJ1~ 1l:IJ '1mh'l 200 - 400 'illU~ iJ1-Jl'vhl1-J~~liillflH~l flIl11:IJ'1l1-J'lJ eJ'Il:IJll 1'I\11YlU l:IJ1iY t'l1l:lJlll'I 
, jI , , 
51jjm1:IJofi1-J:IJlm~liillfl Him1:IJ1~1'iiJU 1fl~ '1 200 'illU~eJ1-JlYl llRt'llmfll:IJ~l'Illli:iml~J,h~::; 
•liillflHiml:1Jl~1'illu1fl~ '1 'lil'1 400 'iml~1l1-J1Yl'l1w,l'I 
"" ~ -<=1d<:1 I d d ~ ~ -=t ~..::il d 
<l fl 1J\\I::;111-J 1 ~ 11-J 1l'YI:IJ ftl1:IJ m:IJ 1::;II :IJf!ll nl'i ll:lJl nn '! 1'1111l 111-Jl~ 11-J II IIU U'YI 2 'If'I:IJ 
5fl1J \\l~ IU1-J 1-1 ii1~ 11-J uuu 11l!l<l ~ 1J1-J fu r11-J :IJ:IJ1~ V'I'lJ ll'lllU1~ l1-J~l1-J 1-J 1-J 5 ll'l fl1 film1-J l'i ~~U
., . 
, ~ !V o:t o:t ..... '" V 1.1 "" Q 
1111-Jm1-J111:IJ:IJ:lJmv'I 10 eJ'IfllflUII1-Jl'i~I'IU 'U1-Jl1'l11l1-JN11-Jfl1ltlflm'l 300 IJ<l1HlJrl'i ,l11:IJ1l1J1
. . 
3J <:iii Q "" 3J d3! j,J 0 "'" "" """ .::i 'lJll'll11-Jl~l1-Jlll'll1-Jll~ 38 :IJ<llll:IJf!'i 111J1~lUllI'I1'W11l11l1::;'YI1'~'lJ1-J11'I 50 :IJll~I:IJf!'i 1l1'11'iUll1')'Y1 
jI ". 
l1UHl'Wlluu'\11,?1ml:IJllllJl'i ()1'W fll'i'1hlJ lleJfl '1~II 'Illf! IUeJ'I~ lfll:IJ~m'hll~ ll::;'lfU f1 '11 '111ll,.f!lli
q, q o~ 
11{j11l1UU~ 11\\1fl II1'111 ii1HI-! ~::; \l nu'i 'Illlj1-J 'U iJ'Ill U1~ 11-J W1'1,?11:IJ ~ 1'1 ~1 ~'I1'1-! iJeJ n~ Jllll 'lJ OlD 'U iJ-1 
1l{j1~lll 111l~'i~1l11'l~I:IJ~I'I\lflll 'i 'I111~V'IiJiJfl '1lJJ1'W'i::; V::; ril 'I'lJ iJ'Il1U11l1'WJ'I lliJ 'I~ l1-J ~ ~llflUll'1 
YJ 11 ~l flf!ll 'i 'Iflf! m dil~iJl:IJ ~ mt1 ff'Il'lllYJ11Ml:IJ~1'I ~111" flcl iJ'W iJiJfllll nnliiiJ n'1Ji~ 1Vfl1111{j1 
.. 
~l'WlllJUiJ1-J '1 
, II • I • 
~lflfll'i'YII'll1iJ'I'1hlJlliJflih'l1'1 3'lfUI'I fiiJ 1l1mlliJ'I 1l11~Vl 11ll~(l11ill'l J!lvll{1l1Jl1-JiY 
uu U~ 2 J!'lVr111:IJ I~l'iiJU '1WJil 'I 200 - 400 'i iJUI'i nu11\1 Mll" 'i 1 f11 'i N!if! ~ 56,07, 57,14 IIII~ 
40,27 i1il1flf:IJ~iJi11:IJ'IIill:lJlh~Di:ilJ'i~if'YIiimw'1'Wfl1'i1lI'yilr1U98,95, 97,56 111l::; 98,99 
IlJiJfl;1-J']Iill:lJll1~U111l~i:ill"'i1fll'i,!\)!lllvJll1'11m~1l11'l1lI'Yhnu J 111iJ11~1-J']2,33, 7,33 111l~ 
rll:IJih~u 
_I~ ~ 
4,3 f11'illJ'i£JlJl'rUJUH~ 
, iI., 
e m N<l'lJiJ'Ifll'i II ~1'l1fl ~ ll'liY1) ill f) 11 'i~ 1l'lr111 'Ill1,?1'1iill1 ~ ,N;]n'il\i:i 'lI'W 11'11 ~ flll'l fl111~:IJ 
lrl iJlYlVU nUI'l ~ll'l f)~ l'YIl~ nllliJ nur II1111::; If!l fi e 1ft~iJ'IiYiJlljfllJ'i~ ll'l r1i:i I<¥u N1'W tl'Uflflll 1'1 360 
Q "'" e:! ""'.:>. dJ d , .:!l "",.de:! ';lJ , <» 
:IJ1,jlll:IJf!:i 111,j~lJml:IJll'l 1300 :IJll1,jl:IJf!'i 'If'lI1,jflfll11!l'iiJ'I1I'IlJ'I1:IJ'lJ1-J1f!fl11'1 Vl1111l~1l'lI'l1lflU
. . 
•
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I .:<')1 
1200 x 600 x 1600 lJ<ll1llJl'n yh1,r<l'llJl>()'H~1'U11l1ll-:llYlll'Ufl,j>~<I":Iflli>\'~1~U-:l~'U Vfl'I1-:II'J-:I 
4.4 "ill 
1'UnU ~I'll 'Ul llll nulJlJU <I~ <I'~ Nlll~ II~ lYll <I~ hillJ~'1 VI 'lIlll'Unil >~ <I' ~,) I'm,j> 1fliJ ~ 'M 
,I' 1'l.1 dl ~ l' d.:':l ~I do.> d ~ "I Sol ~l fl fll HI '1<1ll-:l U<I ~ <1'1 u l'iu 11 <l'llJU n 'lI1mIN <I' U<I ~ lJ IlJ<I '1l'i 'lIl)lU nu> ~ <I' -:Ill nu IlJ<l1'Il'i'll 1'1 
, , v 
11<11fl'll<1l~'lIU '1lJlflfll111l1ll-:lfl~ ll'll~l ,jlillflllJ~'1l1~ I'll ~ rnfll>'I'l'lmnlYl,jlillml111'~ 3 'lIU'I fill 
51mlill-:l 511~~1 U<I~51i\<I'~ i>\'1~11,.rlU1UlYll1J1J~ 2 i>\'1~mllJl~1>lllJ1u'li1~ 200 -400 suu 
.ill'UlTI 1,rtl'lnfll>f4i\I'I~ 56,07, 57,14 U<I~ 40,27 ni<lflflJ~lli111n I'IllJllWllJ 1J,j>~li'l'liiflll'i 
1UflUlYrviltllJ 98,95, 97,56 U<I~ 98,99 l,jlJ{I~UI;11'11lJllll'llJ U<I~lJtl'l>lfll>l);llJllYVU\11\rfl 
>~1111-:llYryiltllJ 2.33, 7.33 U<I~ 1 l,jll{I~W;1I'1llJl1ll;\lJ 11lUf4<I'Ull-:lflU 1li~~Ull<l'Ull1'U 1llfll<l' 
.ill i,j1Ulllfll1Wij UlJ<I'lJ\l>Ill' 
.
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j;Y'j 111m::; .u~lIi:rw mm::;
, 
, ,jI jI • , 
vhhl'l';)" 'lu ,:;.llJm11 1l.-l'l11U 111 ~i1l.J~11 '1 'Ull1lfl ~ln'Vl,m 'hi'flJ f11, lln1 'UtJfmh 11 H'~ 
. . . 
[1191u ~1 \l:;11'i'n ci 11~ll 1tJ1l.JlJ'YJU 
~ d ~ l' d" _I ~ _I ~ ~ ,.\llflf11Hl,11Ifl>ll1111111:; 'JUJ lllilYj 'b'llll.J fl1J':; 111 fI lit;!:;'YJlilllll11l11J':; 1l'VI1H11 Yj f11, I 'b' 
11l.J'1Jmlf1~ll1illlll:; lJ1I'J~Iil~'b'llll.J fltJ,:; 111rl ~ 11M~ll f11'~ 11Ul.J11l.J1~l.J ~ Ii1Yjll1Il1ill'J 'Ullui 'U'J 
"I Y '""' ~ d! <::! l' d ~ AI 0' 1 IrJ y J d5.1.1 ,IilYji'lJ1H;)llf)lllJlJ 11ll:;1l,11If1>ll11111ll:; 'J1'Jt;!IilYj'b'llll.Jfl1J,:;1l1f1 IilV llillfl>ll111 
IIll:; 1l!1'J~1il ~'b'lJ 1l.J rnlse 111rl~~'Ul.J1Iill~ n f)111 fI ~ll 1fl~ 1'YJ1~ ItJ \illfll'J ~Iilll~ llill ~ ~ll ~1~'J yh 1M 
. . 
lllm, n H11l.J 11'i'~ lV[l191l.J 
5.1.2 1l'i'l1mJll11lil~lmrl\l1l.JlllIilVlll'Jn\l1l,tJ11'i'11111liltJ'~ln'YJ Ml.J ~mlmllm~ll'J 
, " 
• ., • jI jI 
'Vl\l ~ H~ll1 U'1\l1l.J ilm f)'Vllllil I'dll1\l1 n ms ftmnlJ\;ll m vm,1ofr'11l.Jll1 vml1 1I1111 ins i19Jl.J ,tJ 
~ ~ 'U <iJ 
, ,. jI 
I'i'lmf1~ll1\lm 11'i' lllldhhf1IlJ'Vl,!1il ~ II1l!I~l.J V;l!~ lllllll mYl.JllJ1 
5.1.3 1l1l1f)l!lmllJl~l'lllJ~mm~lllJl'lllf)nil I'i'lVf)1'11f)l!lmllJl~1'lllJi1111'l 200­
400 ,ll1.Jl'llll.Jl'Vl I~llm'li11fl11m ~l'll1.J~mlJ1~ll'J~,!1il llllJni111~tJ 11111 fl11m ~ "'ll1.J~ 
• v , 
d "" '"I I d 0:9 "l y ,I d 0'mlJ1~lllJl'lllflnill1JllIil111'1113 'b'l.Jlilll~ Iwli11 200 - 400 ,lllJlillll.Jl'VI ll.Jll1\l1f) ImtJml'lll.J'J'Ull1 
IlJ~ 1il511Wflllllfl\l1 flltJ\i llfl~1\l1f)111l.J'li11f111m~1'lllJ~l.J '1 
5.1.4 1l1l1f)l!lllfll!UI~llU'1\l1l.Jil~~mllJm'Jl:;lllJl'lllm,i1lJ1f) ~,!Iil llllJ n\lll~tJ11'i'11 
IIfll! Ul ~ I~l.J II U'l \l1l.J111.J lJ I~ lllll~ l.J u f1.J rll.J 1J'JIV V1 'Ull11lU'l \l1l.JI'i'1l.Ju u ., 5 ll1 ,n rl1.J uu 1, ~.ru 
mlJ1:;ll'Jl'lllfmilmf)'Vl'!1il 
5.1.5 il f lJltJ~ Vl.J ~tJlllJ lJ 'Ull1, eu lJilfllWf1\ll m ~1.Jm 11IUlIWf1li'll! ul~ Vl.J lJ1H,~ u lJ 
v jI, , 
QJ dAI I .,'! "GJ3JIr]3J "-' dd d 
f1IilllV f)Ii'll!'lIl.J 111l1.J 'U u 'VI1J, ~ f)IIlJ f111.J fI rl1.J,~ 1.J 1.J lllJ 11J 111 'VIl.J 'Vll III IIil, ~ u u fI IillWf)'VI 'J 'U l.Jl Iilillf) 
• 
. . 
M~ 11l1'f) l' \l1il1NI011mni. ~ 111'i'-i lV fll.J1ill)';]1ofr'llllVlllil1l1 
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. MU1~lUfimJlJ~ 2 ~'Vfl'llJl~'H)lJ1mh.:l 201 - 400 'llu.illmVi1M51i1'1f11,~i1Ii1~ 56.07, 
57.J4 lll1~ 40.27 nhn1'lJ.illi,1m 1iI1lJ~1ii'lJ l'hh~il1'ljjil1W1uf11,fil"ilillJ98.95, 97.56 Ul1~ 
v 
98.99 IUll{lo]jUr11i11lJ~1ii'lJ 1ll1dJiJliI'lf11'~\]Jlffvtl1Ml1'm~M'i11ff1111illJ 12.33, 7.33 Ul1~ 
_ I ,{ c::" 0 OJ 
IlJllWjjUIii 1iI1lJmlillJ 
5.1.7 1~l fI~ll1fi~llm1lJ 1:l1lJ1, n1u f11,fi TI\]JV1'lJ'1~m:l1V'lJ'i'i iii lliJliI'lnn ~i1Ii1~.:Iu 11 ~lJ 
fl11lJll~1iI1n.ill ms 1~.:I11.Jl111~l.h~11'ml 11~~lV 
5.2 fmllflU~l[JfHl 
1urns llf11Ifl~ll.:lfiHi,j ~ 1~llJ~IiIV1'lJ'lllU nU'i~1:l.:lfl ~ rn I1mltIJ ~"lHJ.:II fI~ ll1UlJlJl~lJ ~1~ll.:l 
U1'lJUHllllnUlJlJ1M~ 1U~lWUll1 f11'U1'm~V~Mu1~lUfi, m1lJl~"lllJ. 'lJ'1iI,:]liIlWntflfJ'i1lJ, , 
mllllill1.:1 f11 'llll nuuuinf ll.:l1 M~ 9i.:l ~ 1n f11' u1'UU'.:Iii'.:I nci11r11lItf11' "11 Ii'iU nmnIiIlhu in 1u 
, " 
f11' U1'm ~ V~ MU1~ 1U fi~~ 11'lU n rse IInuuu In ~ V1U1'm~ V~ 11'IU l'lll ~ 11llV.:Il11'l1 ~ll1 ~ 1n~~~ll1 
UflJ 111'1 ~,~ v~ 'Ull111:l1i1 V1'1111~11~ 'lJ'iJ iii 'lu ~hu mril 1'lJfl11lJl~ 1'i nu ~ ~ I~u f11, 111en1~'lJ'fI, , 
INVERTOR 111 Wliflfl1lJ"llJ fl11lJl~ 1'illlJlllU1'l11111lln~~~r11 lItil l'un nu l~ "milMlJ1~ lllJ ilu 
,	 . 
111'ilV1'lJ'u.i11 ~ 'IIi'ifI 1111~~~rh 111'AH lJm1lJ~lV1u ms1~.:I1U ul'!~Vi~h':]wfillf11',:]'llwnVi~~'Vh111' 
, .	 " 
1 ~ ~11 ~ ~ilIil1l11:lfl 9i11~111f11'1'lfll111.:l11i1 Vf11'11111lJU ~111ll.:l~'UlJ19i.:i111~1 n ns ~ 'il1fJII~'1 1111 ~lilll. , 
li]~ ""!.d ~ 0 ~':::I	 d. CI l' c:: d ~I d' 
I iii fill 1i11'l ,!1iI ~1'U llJlll'l.:illJ'U 'llIiIlW mflfj"Ull.:llfl'illT,ml1~ lJllJl1Ii1W'lJ'lll'U nlJ'~ ll.:lfl 
A~fl1111fI'i.:l f11' 1 j!IU~ V'U 11l,:]IiIIWntllJlJl~lJll1'U 11l ~ nci 11.1J1.:1<1:mIl'! ~ 1~l'!lJ 11h111~ il'U
• 
m1lJ~.:IMlJ1V'Ull.:l1m.:lf11' 
v5.3	 'Ulllll'l-lllll'l-l~ 
l1.:1II~11Ifl~ll.:lfilll'!~ hill\1.mU '~1:l.:lfl~1<1: ~~lJm1lJ1:l1lJ rsu'lu f11'11111U llQ1u'UllUl'lllil 
, 
u.i 1l~l.:11,~mlJlfl~ 111 fflJ1U nU'~1:l.:lfl~ 1<1:v1lJ 
. , "., 
.1J lllJnW~ ll.:ll1 ~~1iI1111 fI'.:Ims n1il11m, lj!1'unwwWJu1u1'uu~11ltll 'IIIv;lJl~ lJ111'~!)19iU 
.1JlllJnVl~ll1 ~fI "u1'lJU~ .:Illrl'l'II fill 
., 
5.3.2 fI"u1'lJU' .:I 1H'VIiI ,1 f11,filui'illn'llll.:llfl~ll1filllUmlse ll.:lflll.:llJ ln9iu,	  
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f1'll;Ql ffm:rU~lffl'lJ 2537. ~')j'.j. f1rU1'1YilJH1Um : l1'1Ull'IIU1Yil'ihr. 
mlJl'll1f1l'llfll;1iI1. 2544. iIl1IlU1tUmtl'l1~~iIl1!i\UI~t11. f1l:llYlYilJM1Um : mlJl"ll'lfll1bfll;1iI1. 
~ .1 ~"" ,UnliJ-:l ff1U<l 111:l~ u1~lll111 fl1UlllJU~II!. 2524. m11~~lU!1:l'l1~. fl~~I1'1YilJM1Um : 
ll'1l1JU11'1 fJ1U h 11Yi1~ ~lllJlfll\'lYi1~Um ll·rue. 
". , 1J'l!'l!fifl~ h~~fl~. 2524. IfJ~!l~fl1:l'U'W(htl1~UU'1J'Wtlltl~!lI'Ull~. fl~~lYlYilJH1um : llmllu 
l1'1fJ 1U h11Yi1~~lllJ Ifll\'lYi1 ~ufJmru e. 
y v 
u1~fi1'1ij l11'1llViI'll-u. 2543. iIl1fJ1Uf,J:lUJllIIil1l1'vHh. fl~~I1'1YilJH1Um : lllJfi~Yi~u~.:J. 
U1UlJ'lJll ft~lllJU~ru 2540, '1f11fl11lJill1'UUtiltl1,,~. f1~.:JmYilJH1um: llfll'UUl1'1fJIu11:111 
~ ~ w 
Yi1 ~ ~ lllJ lflml~ If,J II! 1'1l1111:l11i1 m ~U.:J. 
'I1ilil 11'llllJl1ViI'll-u. 2542. l'l"l"~fl. f1~ "1'1YilJM1Um : l1'1lllI'IIU1YilUl"ll'6. 
ll:Ull l'I1~111ihr6. 2540. Mathematics Concepts. f1~.:JlYlYilJH1Um : 11llVflyrU~"ll'i~. 
<=l """" "" _I'::!: "'" c! v.<!! c::llllJYi1 IflU1f1f11:lml! 1l1:l~fJII!~. 2544. U1tytylUl'lUli : fll1l'lfllUl!fl111.:Jfl~I'l11~llJ"A"~lm. 
fJII!~lfflm1lJfflllfif llmllUlYlfJ 1U 11:l1111"ll'lJ.:JfJ1:l. 
lll11l1!l il'"ll'1'1"hnll!. 2525. l'llfl!Uhlu.;jl!Unl!~llflWil1l'l:U'llilllll~If11l;\lf\'ilfl111Uf1r,UUU
. . ~ 
urm.ln m.:JI'l1YilJH1Um : ll~rlf11111i119lyj.
. . . 
fh~ lmJUlll. 2543. 1~U1J.jJUlfl~IlUlJllllilln'vHhf11~1l""~U. f1~.:JlYlYilllJ1Um : lllJ1fJlJ 
l'i~ III~ lJb1'1fJ1U 11:111 'lnu - tliv 1J, U . 
illflN'U1f1 fl. 
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Q '1/0"-'= <V
n.i	 m ~fi llfJenn '11m 'l'lll flll,l~Nl,l'll,lj.J'IIll~"::;'U' fi'lll1Jn 
:J::; 'U'Uf1'lIWfl~ll~fl1:J 1i'mJ111 msih~ O~ IUi.'illflt, "1 flfru ~Yi ll~l'W '11 ~~ riil mO\'ll~,H) fl, 
'tJll~Yill IUi.'illflt,lJm1~'I1'W1ttti'WlYi1n'U 20 Ib / ft' iJ:J::;O::;\'ll~~ll~O~~lf\--.ilIOO ft U~m\ll'tJll 
ri10~~1l~fll:J~1~1J1flf\nU:J::;liJ'WlYi1n'U 0.08 ton / hr 
• 
"1 nf1,l~ ~11 ~ nwi! 'W ~ 'W.r~ mi l1Yl" n \111 'l \II\1'mJ~1 'W ms-u 'W ri1O~,0 l,l~ 'tJ lJ~ 1\1''1" 1n 
, . 
fi1mYl2-3 \1'~Ul~.r~iJfilJ 
Sat	 1.4 
HP / ton	 2.5 
PF	 5.0 
v	 65 ft / s 
J
VD	 0.7 ft / rev 
OP	 [(HP / ton) x PF] / Sat 
[(2.5)(5.0)] / (1.4) 
8.929 psig 
SCFM	 Sat x Q x 33.333 
(1.4)(0.08 ton / hr)(33.333) 
3.733 cfm 
ACFM	 (SCFM x 14.7) / (14.7 + OP) 
[(3.733cfm)(l4.7)] / [(14.7) + (8.929 psi g)] 
2.322 cfm 
PC	 ACFM/v 
(2.322 cfm] / (65 ft / s) 
0036 
1i.'i8f1'lJ'W1'l'tJ1l~YilJ~11~0~"lf\fi1:J1~~2-4 "::;I~YilJ~ll~O~'\I'W1'l3 if, sch 5 ~ PC ~ 3.6 
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(3.6)(65 ft 1 s) 
234 cfm 
OP {[SCFM x 14.7 x (14.7 + OP)] 1 (ACFM _ 14.7)} 1/2 
{[(3.733 )(14. 7)(14 7 + 8.929 psig)]I[(234 cfm) _ 14.7]} 1/2 
2.432 psig 
rpm (Q x 2000) 1 (p x VD x 60) 
[(008 ton 1 hr)(2000)] 1 [(20 lb 1 ft3)(0.7 ft3 1 rev)(60)] 
0.109 rpm 
VDxrpmx 1.3 
(0.7 ft3 1 rev)(0.109 rprnu l.J) 
0.099 cfm 
FL ACf M [(14.7 + OP) 114.7] 
(0.099 cfm)[(J4.7 + 2.432 psi g) 114.7] 
0.115 cfm 
SCFM~C:1J1J + FLsCFM 
(3.733 cfm) + (0.115 cfrn) 
3.848 cfm 
HP SCFM1u,n" x OP x 0.006 
(3.848 cfm)(2.432 psig)(0.006) 
0.059 HP 
59 
HP	 (0.059 HP) / 0.75 
0.079 HP 
1l.n!"W~~111 Uf11 ~1 lHmU{'U"W1'J 0.079 HP lJ1H.:I1W!l11fm ~lJlJtl'JllVf1ltll1uf1~ 'I~ ~1 
f11"WUf1l1lJlJIU1 H 
11.2 1111rll'WlW'tll'U'W1A'IIU~lJ lltA II{<Tl't11lJ1'11'.ijlJ't1~'\ll'W 
11 U1 ~1 \.Iti ~ 'I ~ ~1 f11 >UUf)uuu~ ~ ~ tl'f1'IJ I\! ~ f11 s~1 f11 >~1 Vf11 >U1rlV II s~ n'Jtl"W >~ 1111 ~ 
.	 , 
11 U n1"W ii'il~ <1ll~~ 1\.I >llJ tllJ f11 >U1rlV f11>l1lJ \.I~ 1f1lJUllilU{~11 11'1 t111llnii1111i1 nM f111 tl'111<1 'J, , 
UUf)~1f11'11~ l~,J\.IIU~ 1'JVll >~f1'J~ ~l1MllJ ~1iI~'111i1 f1UUf1lJ: ",!IiI~rill'yil tllJ 57 N II <1~m1lJl ~ 1 
>UlJ'UU~f11>I1~\.I'UU~I1U1~l"Wti~Iii'U~f111~1f11>Mf1'IJ1U~1\.l"Ji1~ 200 - 1000 rpm 
Pm	 9.81 x W x v 
(9.81)(57 N / 1000)(1000 rpm) 
557.17 W 
Pm	 (557.17W)/0.75 
0.999 HP 
ll~J"Wll1Uf1lJUlIiIU{'U"W 1 iii 1 HP inH ~1\.1 <T111 flJ f1WUu m!1 ~ 1\.1 tiltll1u f11i11lJ~ 'Iiii' 
UUf1lllJlJlU1H 
o	 I 0 QJ 
11.3 ill>Ill'WlW'tll 'IImA'U,H!'i'I<1l,Hf11<1~ 
Iwmft~ r'1ltl'~~ 'I1ii'~1 f1l> nnnuu u N(11i1 ~1 f1l11~ nf1tl'1 'IfmJ lJ AISI 304 ~~ I'll\! ill! U~l~ U~ 
m11Jl?l\.l~~liIm1f1I'l'ilrllJ 180 N / mm' (Safetyl\<1~fil11\.1'Jri11'11t1>~f1UlJl~UmllJtI<1U'Jnv
d., I..., 'J,! 0 'J,!' 0' c:I	 c:I w 
Factor) lJf11!'1'llnu 4 ~~ 'JU~f11"W 1 I\! 111'U"Wl'J Iff \.INl\.llj\.l Vf1<1 N'I'Il11lJl~ <1lJ 'UU~ IW<1l'm ~ suu>~ 
riwlll~mWl1 f1-1 
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=- I. -,- .: \ 
_____...._. .. .. ---- 'v 
, . 
o	 9J ",,"""""<:\1 OJ 
n.3.1	 f\1U1tl! m'U UlI'l'UtJ, IYHll~lnll 'j ,lflU ~~YHn~'UU f11JlYHll
 
G, [128FL] / end']
 
d {[128FL] / [nG,]) "'
 
{[(l28)(l4.7 15 N)(l78 mm)] / [n(l 80 N / mm') / 4]} 113 
13.336 mm 
r, [16T] / lTI:d'] 
d ([16T]l[n'rJl ' /3 
([16(200 Nm)] / [n(l 80 N / nun') 12]) 1/3 
22.452 mm 
~1 n ms rl1U 1tl! .fiN~U 111f11 'jttl~ VUIYlVU Ni111l{1l'q il '1 ~11 f\1'j ~~ N~~l'VI i11l'! ~ f'h5~~1 n 
111~f1f1l{l1111~Uli111 AISI 304 'M'~'Ulnm\'hnu 25 iii1~I:U1'J'j lYi1J'M'I'VIml'!~rl15~I'1',mi11 
111:U1'j ()'Vlum ~1ri'U 1'1~1l i1~1l'j ~lri'm\l mll~m~lf1lI'j ~iJ ~ ll'i'l~ Vhi!il~f\ 11:UlllVl11V 
ill \'IN'l,!1 f) 'U. 
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. , 
IV <it v <"! ct _I <!
u.i 'UUVl1)Ufll~ !'Iflm1)~"1)!U nus~j,nfl 
'1J.1.!	 m J~1H)lll fl~ ,n TIlJlU mh ~jml11~fl11lJ~f,mi U ms1~"lU tl~1)·h.; 
~.1.2	 ~lfll alfm ~ v~m!rmuI'll11'1mJl~l.'\lJ tlllllJ ~'J~JU~fl~'l5iJ'J 
'U.1.2.! flfllmf1~vJiiJl~VtllJlmfl'U I 
'U. 1.2.2 lIfll!~lJ U1'tl1f1!f1 ~VJtllJ lmfl'U ! 1l1'l.1'~ ~V~tl Ul~lU TI'J1lJ.I'1) ~f11~ 
'U.1.2.3 .uU~lJf)!f)~VJilJI~VtllJlmfl'U 1 i11'mlu 
'U.I.3 'J~"j'(<Jll~'JfllJ~lJ~~~llllii''J!Wf1 tllJ1Vm~ !
 
"Q.> ~ ci
 
'U.1.4 I'In~j'(<JlllJ1lll'lm'UlltlUl~lUj'( tllJlmfl~ !
 
~.!.5	 lTIVllll~f1 hhoU'll~lfll ~lJ~lH1WUIl\l! 'h~!!j'('J~j'(mUf11~ci'~mU'U<J~lfl~<J~~'J 
" 0 
""'... dl G] ~ ~ .,;. c> ~.1.6	 fl'Jj'(TVI'lf RUN !~lJ Imm1l~I~lJ'Vll~lU 
~.1.7 m~~!lJ~'J~J~.I'lJ~fmTIltJ~1lf1M1Uil~tllJ1mfl'U !
 
.;> ';0">1 ~o'
 ~.1.8	 IlJ<JI'I<J~f11~tl ~l'Ilm 1l1Y11 11'1 'JVf11~fll'lj'(JYI'lf STOP I RESET 
~ "~ ftTY1~mtlll Mode I Set 
<1!l! !l!1()j 1vJilI:l~ "!YQl'U~ 
11l'J /1I'J 
"'" ,..",; " l1ll'l9H~lJm11'U 
~" ,l1ll'1'~l1~~01~m"l'U / 
~ mill!f{1~ 
1U nn lIfllflJ1lJl~ J~ eu '\) ,n lJ lJll'IlJ {~ll.1'l'J Vf11 ~f11'1 j'(1 'VIolin 1tl U1'1111 j !!m lJ111IJf1 'J 
" • ~ ~ "'" d dol\'l'V1'lfI~lJfl Mode I set ~lilJlltJ~ ~um!l~<Jlll\'I'I"i1~lll~Yi '\)-2 ~lf1UU~~f1I'1j'(J'VI'lf!~lJ I fll'l 
~lilJllll~ l~ lllr1lJ tl ~<Jfll'l~ lfl11lJl~J~ <Jlll'IllJ~.I',nf11~ 
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1400 I 
'\1.3 ill~1ill~~mmfl~tl~ifEllUm.h~j;f~A 
'\1.3.1 llJ 1'1 1'11t:1.:J '\I1l.:J Ifl~ lNfttlllJ nils ~rr .:Jf11111fl 1%l1lJ I1hVilfl11lJrr~1l1I'lmEllrrflllllfl'illJ, 
v 
'I1lJfl'I'J fllli".:Jl\lV'I1il.:J ms1%~llJ 
':J,/ d 0 'JJ • 0 "" 0 • "" 
'\1.3.2 fllll'l'l11Jl'illlJ rrllllfllJl'VIlmllJrr~1l11'l1'l1V1Jl mV'I1l1~'illflfll~'VIl.:JllJ 'VIflm.:J, 
'11.3.3 1'1 n 'ilrrlll.Jfll ~ 'ill.:JllJ 1ll1~ 11 cill ~ u 1"11 rn 1i.:J ill il.:J!l[j~ l'Iil1J~ fl1l WI~ u l.h ~ ~ 1 
